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330,000 volt cables 
at Kariba 


c& 


Ascending a 540 foot vertical 
shaft in the rock, twelve single-core 
330,000 volt oil-filled cables link the 
Kariba power station with the trans- 
mission lines above. 

To overcome installation diffi- 
culties each cable was produced in 
a continuous unjointed length, the 
longest being 665 yards. Total length 
of 330,000 volt cable supplied — 
6,718 yards. 


These cables, operating at the high- 
est voltage in Africa, were designed, 
manufactured and installed by the 
BICC Group. 


The Electrical and Mechanical Consulting 
Engineers: Messrs. Merz & McLellan. 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 21 Bloomsbury Street London WCI 































HEBBURN - 
THE SOURCE 
OF ELECTRICAL 


SWITCHGEAR 
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* ENGINEERS AND REPRESENTATIVES AVAILABLE 
FOR CONSULTATION AND ADVICE 


A WORLD-WIDE ORGANISATION 


A WORLD-RENOWNED PRODUCT 
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A MEMBER OF THE NUCLEAR POWER PLANT COMPANY LIMITED 


A. REYROLLE & CO. LTD. HEBBURN COUNTY DURHAM ENGLAND 
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This is the stone 


In a Power Station 

it is the Shut-off Valves 
that provide for the safety 
of the entire plant 





make it stand or fall 





WATER POWER 








Turbine Valves 
at Mauvoisin-Riddes Power Station 
(Switzerland) 

10 double-sealing 

DE ROLL Spherical Valves, 

nominal diameter 700 mm (28 in.) 
working pressure 102 kg/cm? (1450 psi), 
with patented 

Ring-Piston Servomotor 


DE ROLL 


Shut-off Valves 


our speciality 


DE ROLL Iron Works, Klus (Switzerland) 








& CONVEX HEAD 

6 6 O O O i bs gradual carvature 
5 e 
(30,000 kg) EXTRA HEAVY DUTY TYPE SUSPENSION INSULATOR 


12-5/8” (320 mm) Dia. and 7-11/16” (195 mm) Spacing 
NGK Cat. No. CA-59OND ; IEC recommended 24mm ball & socket coupling 


The general trend of modern power transmission is an increase 
in the transmission voltage to 300 kV, 400 kV,..., etc. Preparing 
for these EHV power transmission, NGK has already completed 
“EXTRA HEAVY DUTY TYPE Suspension Insulator’ with minimum 
guaranteed electro-mechanical strength of 66,000 Ibs.(30,000 kg). 
Besides this, NGK supplies 46,000 Ibs. (21,000 kg) Suspension 
Insulators with 11” dia. x 6-11/16" spacing, and IEC recommended 
20mm ball and socket coupling dimensions. 


This extra-high strength can only be achieved by constant improve- 
ment in design, use of high quality materials and progressively 
advanced manufacturing techniques. The most important part 
of suspension insulator is the pin head, the shape of which 
controls mechanical strength of insulator. Through practical ex- 
periences and continuous researches over 40 years, NGK has 
proven that the most suitable shape for the pin head is the 
convex head (gradual carvature). At present, this type pin is 
NGK standard. The convex shape distributes the mechanical 
stress most evenly. The mechanical load applied to the pin is 
transmitted from the convex head of the pin through porcelain 
and cement, and the stress is evenly distributed against the inside 
of the cap. Therefore, porcelain, cement and inner shape of the 
cap are also important parts. Coupled with the convex head of 
the pin, these extra-high strength insulators have been com- 
pleted by improved inner shape of the cap, the use of specially 
prepared high quality cement produced through the joint research 
of NGK and a specific cement manufacturer, and the use of NGK 
high strength porcelain from superior raw materials available 


in Japan. 
You get so much more out of NOK Incubators 


Fon Nizpon Gaishi Kaisha LTD. 


MIZUHO, NAGOYA, JAPAN 
Cable: INSULATOR Nagoya. TELEX: NGK-NG 9928 
Represented in all major territories 





@ 
Doving have supplied the majority 


7 eee of the 


on KAPLI N” TURBINES 

| ae sed by the 

North of Scotland 
Hydro-electric Board 
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4 Output 
PLANT Uset h Leon ane 
Pitlochry 2 47 167 | 10,900 
Morar 2 26 333 730 
@ Torr Achilty 2 47 167 | 10,900 
Loyne i 39 434 735 
Lubreoch i 90 334 5,600 
DE Dalchonzie i 97 334 | 5,600 
® Lairg I 37 167 4,900 
Shin Weir I 19 434 145 
fo | Dundreggan Dam I 46 1020 225 
Aigas 2 53 187 | 14,000 
Kilmorack 2 53 187 | 14,000 
Inverawe I 108 167 | 42,500 















BOVING & CO. LIMITED VILLIERS HOUSE 41-47 STRANQ LONDON W.C.2. 
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TUNNEL 
INTAKES 


Glenfield Direct-lift Gates, in various forms such as 
sliding and fixed- and free-roller, are installed at tunnel 
entrances in many hydro-electric works. 

A free-roller gate is shown at site, and an example of 


a fixed-roller gate. 


1 71 y) 71 
teni A 


GLENFIELD &_ KENNEDY UMITEO._ KILMARNOCK HEAD OFFICE & worKS: KILMARNOCK 
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SCOTLAND 
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industrial works, 
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Arzignano - Vicenza - Italy 


Industrie Elettromeccaniche 





PD Pump fe es ae 





Special semi-body connection 
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Detail of mechanical seal 






PD pumps are of the horizorta! shaft, single-suction, multi-stage, 
centrifugal type. Heavy built, these pumps are highly efficient and 
have every mechanical feature to assure long trouble-free service. 

The body of the pump is split in two halves along the horizontal 
centerline; therefore, it can be easily inspected and quickly dis- 
mantled without removing the pump and disturbing the suction 
and discharge pipe connections. The impellers are in series and 
opposed in sets, so as to balance the hydraulic pressures. Axial 
loads on the bearings are thus eliminated, resulting in a more 
reliable and trouble-free operation of the pump. 

The shaft is of high-strength steel and it is lined with protective 
sleeves where facing the wearing faces of the stuffing boxes with 
adjustable stuffing glands. Deep boxes accommodate large packing 
rings. Suitable connections to the sealing supply line are also 
provided. 

Bearing housings of the outboard type, are provided with grease- 
lubricated heavy duty ball or roller bearings and thrust bearings, 
for residual or accidental thrusts. 

Photo on the left: 2 pumps, type PD 250/300/2, driven by 
300 HP NU 2500/4 induction motors, total capacity 24,000 litres 
(5,280 gallons) per minute, 80-metre (262 ft.) head; 2 pumps, type 
PD 225/250/2, driven by 200 HP NU 2000/4 induction motors, 
total capacity 18,000 litres (3,960 galions) per minute, 80-metre 
(262 ft.) head. Universal Exhibition Board, Rome. 

Please ask for catalogues, price lists, estimates. Our experts are 
entirely at your service. 


PELLIZZHRI 









MOVEMENT of materials... that’s the secret of meeting 
schedules on great projects. Getting the stuff in, putting the 
machinery on the job — half the battle is won when the 





movement is unhampered, when the equipment which handles 





the gear does so with unfailing reliability. 
















Henderson Cableways fit the description. Not only is each 
component built to the highest degree of engineering skill — 
Henderson Cableways are undoubtedly the most economical 

method of moving big loads on the majority of dam, 
barrage, bridge or viaduct contracts. Confirmation of this fact 
lies in the considerable number of cableways we have 


installed at vast projects throughout the world. 


Henderson CcaABLEWAYS 


JOHN M HENDERSON AND CO LIMITED: KING’S WORKS : ABERDEEN 
P5069 
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The rapids in 


North Finland are 


being harnessed ... 


Ammié - Aittokoski - Seitenoikea - 
three foaming rapids in the Emi- 
joki River in North Finland. 


The turbines for these power 
plants were delivered by Tampella. 
Each plant has one machine. 


Technical data of the turbines : 


7 Type H P n 
Amma 

Kaplan 12.5 m 16,500 hp 125 rpm 
Aittokoski 

Kaplan 25.75 m 46,900 hp 143 rpm 


Seitenoikea 
Kaplan 21.25 m 41,000 hp 136 rpm 


Total output of the turbines: 104,400 hp 


Jampella 


Engineering Works 
Est. 1842 
“ TAMMERFORS - FINLAND 
The runner of ma assembled at the works 





FOR THE WORLD'S HIGHEST VOLTAGE IR 


the air blast 
circuit breaker 


type AE 


A range of breakers 
from 70 kV to 525 kV 


Breaking capacity : 
30,000 amp. rms. 


Besides properties peculiar to the 
technique of air blast circuit 
breakers the type AE apparaters 
provides: 


oO Breaking with high r.r.r.v. and 
ability to interrupt a kilometric 
fault. 

Breaking of currents in 
unloaded power transformers 
with low overvoltages 
Low air consumption. 


Negligible burning of contacts. 


<a> 


Ateliers de Constructions Electriques de 


25 CHEMIN DE CYPRIAN VILLEURBANNE (RHONE) 


OF THE “COMPAGNIE|cE 





E TRANSMISSION LINE 


eee ee 
rOCUK 






The Power stations Ministry of the U.S.S.R. has 
entrusted to SAVOISIENNE the manufacturing of three 
groups of three-phase transformation : 

two of 270 MVA and one of 300 M VA, intended for the 
transmission line of 525 KV, the only one in the world 
operating at present at this voltage. 


The two groups of 270 MVA are each formed by three 
single-phase autotransformers of 90 MVA with three 
windings and a voltage radio of 525V3/115V3+0o0r 
—10%/11 KV, and including an incorporated on- load 
tap changer on the 115 KV winding of + or —10 %steps. 
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SAVOISIENNE 


AIX-LES-BAINS (Savoie) 


IEIGENERALE D’ELECTRICITE” 


INSTRUMENTATION 
INFORMATION SERVICE 
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HE RST BLURS FLOW? BETER 
WITH DIRECT FLOW INDICATOR; 


& 
£ 
7 





AEI/Barton bellows flow meters can now be 
supplied with pneumatic motion transmitter 
containing a direct flow indicator which is 
completely independent of air supply. The poin- 
ter is mechanically linked to the torque tube. 
AEI/Barton flow meters, which employ the 
original and world-accepted Barton double- 
bellows system, once again lead with this 
valuable safety feature. 

With ranges from 0-25” w.g. up to 0.40 p.s.i., 
static pressures up to 6,000 p.s.i., a sensitivity 
of 0.02% of full scale and linearity within 0.5% 
of full range, the AEI/Barton flow meter can FLOW INDICATING POINTER 
out-perform any comparable instrument. AND MECHANICALLY LINKED TO 
list price for the instrument illustrated is from ee a 
£98 (100% stainless steel body at little extra 
cost). 





YY DA DT SA DA AAT A AGE GE SAT DR SS SE SR 


SS Te S GQ 
, ‘ 
Please send me a copy of Publication 1112 giving specification of the 
s al | AEI/Barton flow meter range. 


NAME . decane 


coupon for fe“ 
{il details COMPANY ADDRESS 





ae aa le 


instrumentation Division 
P.O. Box 1: Harlow: Essex: Tel: Harlow 25271 
Associated Electrical industries Limited 


sC/ 106 
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For a dam in Australia MAN 
supplied 8 crest segment-gates 


7.9m wide and 7.0 m high each. 


HYDRAULIC 
STRUCTURES 


MASCHINENFABRIK AUGSBURG-NURNBERG AG GUSTAVSBURG WORKS 
GUSTAVSBURG/HESSEN (GERMANY) REPRESENTATIVES IN ALL COUNTRIES 
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the most powerful hydro- 
electric plant in Europe 





Vertical-shaft 124 950 kW Francis turbine 


The most powerful hydro-electric plant in Europe has been built at 
Aldeadavila on the River Douro in Northern Spain. 


The Aldeadavila Dam is 139 metres high, with a crest length of 250 
metres and a total storage volume of 115 cubic metres of water. Its 
main equipment is as follows: 


Six vertical-shaft 124 950 kW Francis turbines each producing 170 000 
metric horse power under a 139 metres head at 187 r.p.m. 

Six water intake caterpillar gates, each measuring 6.20 metres high 
by 3.90 metres wide, operating under a head of 35 metres. 

Two surface spillway sector gates, each measuring 9.50 metres high 
by 12.50 metres wide, operating under a head of 9.50 metres. 


Two bottom outlet caterpillar gates, each measuring 3.50 metres 
high by 2 metres wide, operating under a head of 113.50 metres. 


Two 2.50 metres diameter hollow-jet free discharge valves operating 
under a head of 112 metres. 


All the above equipment was manufactured by NEYRPIC 


NEYRPIC 


Avenue de Beauvert - BP 52 
Grenoble - tél 44-55-30 


37 
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structural |” 


FABRICATION 


GALVANISING 


Ss t e e i WwW Oo r kK INSTALLATION 








by the GROUP 


Much of Britain’s Grid and Supergrid systems and 
thousands of miles of overhead transmission lines overseas have 
been installed by the BICC Group 





BRITISH INSULATED CALLENDER’S CONSTRUCTION CO. LTD. 
and 
PAINTER BROTHERS LIMITED 


Specialise in galvanised steel structures for use throughout 
the World. 


{> 


ms 





N 





CALLENDER-HAMILTON BRIDGES 


GANTRIES SUBSTATION STRUCTURES 


MASTS & TOWERS 





Contractors : BRITISH INSULATED CALLENDER’S CONSTRUCTION COMPANY LIMITED 
30 LEICESTER SQUARE, LONDON W.C.2. TELEPHONE: TRAFALGAR 7777 | CABLEGRAMS: BICALCON, LONDON. 
Steelwork : PAINTER BROTHERS LIMITED, FFREFORD. TELEPHONE : HEREFORD 3101 
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A large amount of development work 
and research has been carried out in 
the last few years by B. MAIER K.C., 
Machinery Manufacturers, of Brack- 
wede, Germany, on the subject of 
Tubular Turbines. 


The two photographs on the left show 
the ‘‘Cambeyrac"’ installation in 
France. This special Fischer tubular 
turbine is fully automatic and rermote- 
controlled, its runner is 3,300 mm. 
(10 ft. 10in.) in dia., and output is 
10,300 PS. This installation, which is 
reversible in operation, presented a 
number of special problems, and this 
had a _ stimulating effect on the 
development of tubular turbines by this 
firm. The installation proved its worth 
during months of rigorous testing 
under service conditions and has been 
in actual service since 1958. 


The two other illustrations show the 
“Wolsfeld’’ Tubular Turbine, which 
has an output of 109 h.p. at a head of 
2.6 m. (8 ft. 6 in.) and is equipped with 
planetary gear. 


We are also taking part in engineer- 
ing work on the Moselle, and shall 
supply tubular turbines required. We 
are at present working on the “En- 
kirch’’ installation, which will have 4 
tubular turbines of approx. 6,000 h.p. 
each, runners being of 4,600 mm. (15 
ft.) diameter. 

















Our manufacturing programme com- 
prises WATER TURBINES for all con- 
ditions and outputs and_ including 
everything required for hydro-power 
stations and steel hydraulic engineer- 
ing structures. 


“1959 a 


Maschinenfabrik 133, IMMA DBR & * Brackwede 


Tel: Bielefeld 44037 + Telex: 09 32 809 + Telegrams: Maierwerk Bielefeld 
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Reinforced Concrete Pipes, ordinary and pre-stressed, 


in all diameters and pressures, for Hydro-Electric 


Plants and Aqueducts 














WNL 
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TIWAG 


— 


PENSTOCK AT PITZBACH 
(AUSTRIA) in pre-stressed 
reinforced concrete, con- 
structed in collaboration with 
ALFRED KUNZ & CO. 


of Bludenz 


<SACNE Soc. p. Ac Gementi Armart Ing. Mantet 
. VENICE (ITALY) -Accademia 979/A- Telephone 85: 060 


17 
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Penstocks, pressure shaft linings, 
Substation steel structures 





Gantry and overhead travelling cranes 


Pylons, water gates 











Pressure test and Electric Strain Measuring carried out on the Manifold of the Koyna Power 
Station (Maharashtra State, India). Test pressure 1420 psi. Diameters 8’ 6” / 2 x 6’. Thickness 
1” 27/32 and 1” 37/64. Weight 40.5 tons. 


G ; OVA N O L aA Monthey - Switzerland 
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1961 






-a Record Year for 


KMW Turbines 


In 1961 not less than 17 KMW 
turbines, with a total output of 
about 900,000 h.p., will be put into 
service at 11 power stations in 
different countries. 
The picture shows the runner for 
the Francis turbine for Stalon 
power station in Sweden. Output 
150,000 h.p. 


AB KARLSTADS MEKANISKA WERKSTAD 
KARLSTAD - SWEDEN 


Representatives in Canada: A, Johnson & Co. Ltd., P.O. Box 56, Montreal 16 
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@ Overhead line insulators 
Hl GH VOLTAGE INSU LATO RS @ Switchgear post insulators 
@ Transformer bushings 
The outstanding quality of S & PP insulators is the © Insulators for railway 
result of over 30 years’ experience in the manufacture electrification 


of high voltage porcelain insulators. @ Custom-made porcelains 








STEATITE AND PORCELAIN PRODUCTS LIMITED 


STOURPORT ON SEVERN, WORCS. TEL: STOURPORT 2271 GRAMS: STEATAIN, STOURPORT $.P.103 
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ESCHER WYSS 


20 Storage Pumps 
with a total input of 
850000 HP 


Escher Wyss manufacture the complete hydraulic equipment for Stor- 
age Power Plant 

These installations are becoming of increasing importance due to the 
advantages they offer in dealing with peak load of thermal power plant, 
whilst utilizing the surplus energy of the latter during periods of 
reduced current consumption 


Our European works are at present manufacturing 20 Storage Pumps 
with inputs totalling approx 850000 HP for installations in Germany, 
italy, Luxembourg, the Near East and Switzerland. They include two 
93 000 HP units for Vianden/Luxembourg and two 91700 HP units for 
Villa Gargnano/italy 


Storage Power Plant at Limberg/Austria for which we supplied 2 Francis Turbines each 
developing 77000 HP under 364 metres and 2 Storage Pumps for heads of 320-420 
metres with inputs of 85000 HP per unit 


Escher Wyss Ltd., Zurich/Switzerland 



















































































































VEREINIGTE OSTERR. EISEN- UND STAHLWERKE, LINZ-DONAU 









































a ee a 





Incrior of St. Filans underground power station of the North of Scotland Hyérolectric Board showing , 
21 MW I! kV 600 r.p.m. vertical generator. 


Bruce Peebles build large and small gen- 
erators, horizontal and vertical types, designed 
to individual specifications, and transformers 
up to the largest sizes and highest voltages 
for hydro-electric power distribution. 





Bruce Peebles & Co Ltd 


EDINBURGH 





25 MVA 11/132 kV transformer at St. Fillens power station 


A 
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Complete Equipment 
for 


WATER POWER 
PLANTS 


SOm 





Turbines of the Francis, Kaplan and 
Pelton type for various heads 
and outputs. 


We invite you to come and see our exhibi- - - 
The world-known Skoda and CKD 


tion at the 3rd International Trade Fair Brno, 10-24 
September, where we will be showing some of the trade marks guarantee the first-class 
latest achievements in the Czechoslovak engineering technical design and quality of 


equipment supplied by us. 


industry 


















































At the present we are constructing 
water power plants in 10 states. 


Foreign Trade Corporation for Export of 
p R : Complete Industrial Plants 
PRAHA, Czechoslovak Socialist Republic 
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Ready for Tomorrow’s Transmission Needs 


In keeping with the world trend toward 
a more extensive application of 400kV 
power transmission, Japan is now adopt- 
ing the higher rating instead of the 
conventional 275kV as has been used in 
the past. This changeover has been re- 
flected in intensified research activities at 
the ultra-high power transmission testing 
laboratory incorporated in our new plant 
at Hitaka. A recent technical tieup with 
the famous Swedish firm of Liljeholmens 
was yet another progressive step, and 
has already resulted in the development 
and successful testing of a S500kV class 
| x 540mm2 OF cable. Tomorrow’s 400k V 
era will find us ready, as usual, at Hitachi. 





A 4/2 Sheets Paper Lapping Machine 


© _itochy. Ltd. 


Tomyo Japan 
Cable Address: ‘‘HITACHY'’ TOKYO 
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SAKAI IRON WORKS CO., LTD. 


HEAD OFFICE: NISHI, 6-CHOME, TSUMORI-CHO, NISHINARI-KU, OSAKA, JAPAN CABLE ADDRESS: “SAKATETSU OSAKA” 
TOKYO OFFICE: NIHONBASHI-GOFUKUBASHI, CHUO-KU, TOKYO, JAPAN CABLE ADDRESS: “SAKATETSU TOKYO” 
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Kaprun 
Main Station 


5 500000 kVA 

is the aggregate rating of water wheel generators 
AEG so far supplied or for which contracts have 
been placed. 


Sariyor 
Hydro-Electric 
Power Station 


Since the beginning of 1946 alone contracts for the 
supply of water wheel generators from smallest 
ratings up to 100000 kVA units totalling over 
2000000 kVA have been placed with our organi- 
zation. 

During the past 60 years AEG have built plants for 
generation, transmission and distribution of electrical 
energy obtained from hydro-electric stations and 
billions of kWh are made available anually by AEG 
water wheel generators. 


Pamilo 
Hydro-Electric 
Power Station 





AEG 


Hydro-Electric Stations 


79140 


ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT 
Berlin (West) EXPORT DEPARTMENT Frankfurt (Main) 
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RHEINSTAHL 


UNION BROCKENBAU AG 


Cay 


ig. 














————_—— 


RHEINSTAHL UNION BRUCKENBAU AG. - DORTMUND, WESTERN GERMANY 
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Consulting Electrical and Mechanical Engineers: 


Messrs. Merz and McLellan 





Six 100-MW generators for Stage One of the massive 
hydro-electric project at Kariba, onthe Zambesi river, have 
been supplied by AEI. They are the largest hydro-electric 
generators in the entire continent of Africa. 


Associated Electrical Industries Limited 





HEAVY PLANT DIVISION RUGBY ENGLAND 


AS5552 
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105,000 kVA Water-Wheel Generators 











yan 608 WO) Oe 
COMFORTS START A 


MITSUBISHI ELECTRIC 


When you think of giant generators, you rarely think of their vital 
part in making this world a more comfortable place to live in. 
Yet Mitsubishi Electric’s great generators and transformers, plus 
many large and small home appliances all do just that..... os 
every day in countless ways. Backed by a long history of outstand- 
ing achievements, distinguished by the famous Mitsubishi Brand. 
Do think about it the next time you see the THREE DIAMONDS 


on an electric appliance. 


MITSUBISHI ELECTRIC MANUFACTURING COMPANY 


Head Office: Tokyo Building, Marunouchi, Tokyo Cable Address: MELCO TOKYO 
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One of three 96-inch Howell-Bunger valves in operation at the U. S. Engineers Mud Mountain Dam, White River, Wash. 


2 ways to air-cushion a big splash 


...and provide easy regulation of free discharge 


Howell-Bunger valves produce an expanding, aerated water jet i ee \\ ' 
that dissipates tremendous energy with minimum erosion and W en 





cavitation — and virtually no vibration. They’re ideal for free 
discharge with high to low heads, into atmosphere or water. 
Lowest in initial cost ... economical to install (need pipe line 
or conduit of minimum size). Only one moving part in contact 
with flow. 

Ring-Jet valves yield a concentrated, aerated jet, perfect for 
locations requiring reduced spray. A logical development from 
the Howell-Bunger valve, they offer many parallel advantages 
...are equally suited to high and low heads. 

Only Allis-Chalmers is geared to equip complete hydro in- 
stallations — turbines, generators and auxiliaries. Contact our 
office in your area for information. Or write Allis-Chalmers, 

Hydraulic Division, York, Pennsylvania. a. nn eee 


Outside United States contact Allis-Chalmers Internationai, or in Canada, contact Canadian Allis-Chalmers 
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2 Letfel Turbines Help Provide Po er for Peace 
at the Girishk Power Development in Afghanistan 


Typical of the job being done by Leffel turbines in all parts of 
the world — wherever efficient development of water power re- 
sources can contribute to peace and prosperity — is the Girishk 
Power Plant in southwestern Afghanistan. 

This plant was designed by International Engineering Com- 
pany, Inc., and built by Morrison-Knudsen Afghanistan, Inc. for 
the Helmand Valley Authority, an agency of the Royal Govern- 
ment of Afghanistan. Designed for three 1500 KW generators, 
the plant was completed in June, 1958 with two generators in- 
stalled, each driven by a Leffel vertical shaft turbine developing 
2200 H.P. at 187.5 R.P.M. with a net head of 25 feet. 

Thousands of installations such as this one have helped build 
Leffel’s reputation for high efficiency, long life and reliable serv- 
ice. And every Leffel turbine is backed by more than nearly a 


Close up of Generator Unit #2 at 


Girishk, showing two Afghan em- century of experience. That experience is available to you, with- 
ployees of Morrison-Knudsen Afghan- . : t : 

istan, Inc, in native dress. Photo at top out obligation, whether your project is a new installation or the 
Susie Posous Utusan Sheeheoaenh eaitony expansion or rehabilitation of existing facilities. Just write, out- 
is on lower deck, electrical gallery on lining your requirements. 

upper deck. 1113-E 


MORE EFFICIENT HYDRAULIC POWER FOR 399 YEARS 
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Contributing 
to 

Your 

Better 
Living! 








Heavy electric equipment such as Water Turbines, 
Generators, Power Transformers, and testing equip- 
ment for Power Stations, are being shipped out one 
after another from Toshiba’s Tsurumi works. 

Shown above is one of the 3 scheduled 133,000 kVA 
generators—among the largest in the world—to be 
installed at Okutadami Power Station in central Japan. 
The 137,000 KW Francis turbine, seen at left, to be 
coupled with this generator is also a Toshiba product. 
The runner diameter of this turbine is 4,000 mm, 
and ranks among the biggest in the world. 


Simiiar generators with 58,000 kVA power has been 
installed at Mazatepec Power Station in Mexico and 
is now in full operation, Toshiba is also in pro- 
duction for various heavy equipment for many other 


new projects around the world. 


Tokyo Shibaura Electric Co., Ltd. 


2 Ginza Nishi 5-Chome, Chuo-ku, Tokyo, Japan 
Cable Address: TOSHIBA TOKYO 





CHARMILLES 


HYDRAULIC TURBINES 


GENEVA—SWITZERLAND 








REISSECK 
1766 m 


THE HIGHEST HEAD IN THE WORLD 
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AT HIGH MARNHAM 
12 Upright Posts 


Comprising 
6 Switchgear Type 
6 Busbar Support Type 


3 For inverted Mounting 


AT MONK FRYSTON 


5 Upright Posts 
3 inverted Posts for 


Busbar Supports 




















There's little glamour about a machine designed for engineers by engineers—men 
who are unsatisfied with anything less than constant, top efficiency. 

The rugged Hitachi Convertible Shovel has been built for smooth and fast operation 
under the toughest conditions, from the tips of its wear-resistant cast steel dipper 
teeth to its stable, extra long and wide truck frame. The versatile Hitachi Convertible 
Shovel offers a choice of diesel engine or electric induction motor as prime mover, 
can be mounted on crawlers or truck for still higher mobility. The efficient Hitachi 
Convertible Shovel converts quickly and readily to dragline, drag shovel, clamshell, 
crane or piledriver. Literature and quotations gladly supplied on request. 


@) itachi.Lta._ 


Cable Address: “HITACHY' TOKYO 
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Type CD-160, outdoor, separate tanks, 
de-jon grids, oil circuit breaker 


MAGRINIS TRADE -MARK 
AND SWITCHGEAR 
WIN WORLD-WIDE RECOGNITION 


Switchgear 


for low, medium and high voltages 
up to 380 kV 


Standardized Metal Clad Switchboards 


Electric 
with draw-out equipment 


Magrini 


societa per azioni - Bergamo 


Head Office, Factory and Export Section 
via L Magrini, 7 - Phone 35.444 











Harnessing the power potential of water is a Kuljian specialty. Whatever the nature of your 
project... Kuljian is prepared to assist with any or all of the services shown below... from 


preliminary studies through construction supervision and initial operation. 


Members of our Hydroelectric Division have had a wealth of experience in this field—thus 


insuring the most efficient handling of your water development program. 


Further information available on request. 


Ga 


- 


Sr . 
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KULJIAN SERVICES | Surveys « Investigations « Reports « Water Resource Development « 
Reservoirs and Dams « Tunnels and Aqueducts « Transmission and Distribution Systems 


¢ Pumping and Filtration Plants « Hydroelectric Power Stations « Irrigation and Flood Control 


HYDROELECTRIC 
DIVISION 


e Other Reclamation Activities 


She huljian Coypovalion 


engineers « constructors 





1200 NORTH BROAD STREET + PHILADELPHIA 21, PA., U.S.A. 


DESIGN * ENGINEERING @ PROCUREMENT @ CONSTRUCTION @ REPORTS 
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Type VSG/245 Potential Transformers, permanently sea- 
led construction, for 220 kV service voltage, during the 
loading operation on a ship bound to North America. 





























Permanently sealed construction 





The new VSG Line 


The progressive decay of the insulation characteristics in 
potential transformers during service has always been a 
worrying problem for both manufactures and users. Seve- 
ral improvements were adopted in the past, but they only 
partially eliminated the trouble. 

With the new VSG Line of permanently sealed potential 
transformers Scarpa e Magnano has given a contribution 
to the reaching of a final solution to this problem. All 
possible communication between the inside of the trans- 
former and the outside air, subject to weather conditions, 
has been drastically prevented in such a way that the 
dielectric characteristics of the insulation are retained and 
can last indefinitely, thus ensuring maximum reliability 
of service. 
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Expandite Limited produce a complete range of 
efficient Rubber and PVC Waterstops for every type 
of joint. Made in various designs and lengths, they 
are accepted as being the most effective and econo- 
mical method of ensuring watertight structures. 

Expandite Waterstops are specified by architects 
the world over because, unlike metal waterbars, they 
are not subject to corrosion and will not fracture 
with movement. 

Not content to rest on their laurels, Expandite are 
constantly introducing new developments. The 
HYDROFOIL (PVC) revolutionary design combats 
all seepage, and is suitable for walls, floors, reservoirs, 
sewage works, ponds, etc. where limited movement 
may occur. 

If you need advice on any problem concerning 
Waterstops and their most effective use, the Expan- 
dite Technical Service Department is always at your 
service. Please contact us. 


The New Underpass, Hook Road constructed by William Old Limited 
for the Surrey County Council 


CHASE ROAD, LONDON, N.W.10. Tel: ELGar 4321 (10 lines) Telex 25420 
EXPANDITE aes oe 
Trafford Park Road, Manchester 17 Telephone: Trafford Park 1285/6 


L IM | TED 36 Great North Road, Newcastle-upon-Tyne 2 Telephone: Newcastle 23992 
Eire : EXPANDITE (IRELAND) LTD., Greenhills Road, Walkinstown, Dublin Telephone: 501512 


ASSOCIATES AND DISTRIBUTORS THROUGHOUT THE WORLD 
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BUILDING 
FOR 


POWER 


Huwood Conveyors are in wide 
use, not only in Britain but 
throughout the world—one of their 
most important applications being 
in the work of dam building for 
hydro-electric schemes. 

They have been chosen because 
they offer the highest degree of 
adaptability to varying sites, the 
utmost reliability, and the mini- 
mum of routine maintenance. 








HUGH woaooonbD 


GATESHEAD 


Huw 
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VOITH 





Guide case 


and 





runner 


Erection shop view of internal turbine parts for the second of the two Voith turbines 





during 


under erection in the Isla Hydro-Electric Power Plant (Chile). Visible are the guide 

bi case with wicket gates, the turbine runner and shaft. Each of these vertical-shaft 
assem y Francis spiral turbines will deveiop 50,000 h.p. under 92 m head. Our supply also 
includes the relief valves. To this day, we have built abt. 18,000 water turbines of 
most varied types for largest water discharges and highest heads. These turbines 
operate most satisfactorily all over the world, which is convincing evidence of the 


confidence which our customers have placed in our equipment. 


© J. M. VOITH GMBH: HEIDENHEIM (BRENZ) - GERMANY 
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Top of Surge Shaft, 

St. Fillans, Perthshire. 
Consulting Engineers : 

Sir M. MacDonald & Partners 


800 | feet [deep 3 
Part of one of the Hydro-Electric contracts entrusted to 
the Mitchell Construction Co. Ltd., the 28 ft. diameter 
Surge Shaft and 10 ft. diameter Penstock Shaft at St. Fillans 
which form a continuous vertical shaft 800 ft. deep. 
By employing a new and specially developed method of shaft raising, 





Mitchell Construction excavated the 600 ft. Penstock Shaft 

out of solid rock at an average rate of 64 ft. per week, 

with a maximum advance of 138 ft. in one week; 

such a rate of advance would have been impossible with the employment 


of conventional techniques on a shaft of this size. 





____ ee 


MITCHELL GONSTRUCTION 


_ Eee" 


Building and Civil Engineering Contractors 


THE MITCHELL CONSTRUCTION COMPANY LTD 


Wharf Works, Peterborough 











P.3050 
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in penstocks and pressure 
shaft linings as well as in 
other equipment for 
hydro-electric power plants 
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Government of Ghana—VOLTA RIVER PROJECT 


The Government of Ghana hereby invites Sealed Bids, which will be publicly opened in Accra on September 5, 
1961, for the Work covered by each of the following proposed Contracts: 
AKOSOMBO DEVELOPMENT 
Contract No. A-4 Supply of Turbines and Governors. 
A-5 Supply of Generators, Transformers and Major Electrical Equipment 
A-6 Supply of Cranes and Hoists. 
A-7 Supply of Penstocks. 
A-8 Supply of Gates, Trashracks, and Rolling Hatch Covers. 
TRANSMISSION SYSTEM 
1 Construction of 161 kV Transmission Lines. 
1 Supply of Equipment for 161 kV Substations. 
2 Construction of 161 kV Substations. 
3 Construction of Warehouses and Personnel Housing. 


Contract No. L- 
S- 
g. 
5. 


Bids are invited only from firms or associations of firms who are prepared to submit complete Bids for all 
the Work required by any of the individual Contracts listed above, except that consideration will be given to Bids for 
Work covered by each separate Schedule of Contract No. A-5. A bidder submitting a Bid for Contract No. S-1 must also 
submit a complete Bid for Contract No. S-2, and vice versa, since these two Contracts will be awarded jointly to one firm 
or association of firms. Bidders may, if they so desire, submit Combined Bids for the performance of a combination 
of any two or more of the Contracts listed above for the Akosombo Development and/or Transmission System. Each 
Combined Bid will be considered an indivisible offer to perform all of the Contracts included within the Combined Bid, 
if this is desired by the bidder and is explicitly so stated. 

Bids will be considered only from firms whose financial resources, technical ability and experience are commensurate 
with the Work to be performed under the respective Contracts, who have satisfactorily completed comparable Work 
on other projects, and who submit with their Bids the preliminary security required for each proposed Contract. 

A Bid which does not conform to the Instructions to Bidders may be rejected. The Government reserves the right 
to reject any or all Bids, and to accept any Bid considered advantageous to the Government. 

Contract No. A-4 will include the supply of four (4) Francis-type hydraulic turbines each having a rated output of 
176,500 horsepower when operating at 115.4 r.p.m. under a rated net head of 213 feet; and four (4) hydraulic turbine 
governors; all delivered on the dock at Tema, Ghana. 

Contract No. A-5 will include the supply of four (4) generators each rated at 142,000 kVA; the generator bus; four 
(4) three-phase transformers each rated at 165,000 kVA and 161 kV; metering, relaying, and control switchboards; 
and station service load center substations, including 400-V drawout air circuit breakers; all delivered on the 
dock at Tema, Ghana. 

Contract No. A-6 will include the supply of one (1) power-house gantry crane of 500 tons rated capacity; one (1) intake 
gantry crane of 85 tons rated capacity; four (4) intake gate hoists; and two (2) mobile spillway hoists; all delivered 
on the dock at Tema, Ghana. 

Contract No. A-7 will include the supply of approximately 3,000 tons of fabricated steel 24-foot diameter penstock 
sections for four (4) complete penstocks and the upper and lower elbows for two (2) additional penstocks and all 
supporting rings and expansion joints, all fabricated and delivered in Ghana, with an option for the Government to 
purchase sect'ons for all six (6) penstocks. 

Contract No. A-8 will include the supply of approximately 2,500 tons of fabricated steel consisting of slide and wheel 
gates, gate guides and trashracks for the power intake, draft tubes, and 25-foot diameter diversion tunnel, twelve 
(12) spillway taintor gates each 42 feet by 38:5 feet; and six (6) rolling generator hatch covers; all delivered on the 
dock at Tema, Ghana. 

Contract No. L-1 wi!l include the supply and construction of approximately 100 miles of double-circuit transmission 
lines for System I and approximately 400 miles of single-circuit transmission lines for System II, all designed for 
161 kV with steel or aluminium towers and all-aluminium conductor. 

Contract No. S-1, which must be bid jointly with Contract No. S-2, will include the supply of major electrical equipment 
for five (5) substations for System I and eleven (11) substations for System H, all with 161 kV primary voltage, 
including one (1) synchronous condenser rated at 25,000 kVA; twenty-three (23) transformers ranging in size from 
3,000 to 55,000 kVA; fifty (50) circuit breakers for 161 kV service; meter, relay and control switchboards; carrier 
current supervisory and communication equipment; all delivered on the dock at Tema or Takoradi, Ghana. 

Contract No. S-2, which must be bid jointly with Contract No. S-1, will include the construction of the substations 
referred to in Contract No. S-1 and the installation of the items to be supplied thereunder. 

Contract No. S-3 will include the construction of permanent warehouses and personnel housing required in connection 
with the above-mentioned substations. 

Copies of the respective Contract Documents may be obtained by prospective bidders from: Kaiser Engineers and 
Constructors, Inc. (Volta River Project), Kaiser Center, 300 Lakeside Drive, Oakland 12, California, by making a non- 
refundable payment of U.S. $50 or LG 17 17s. 6d. for two sets for each Contract, in the form of a check or money 
order made payable to Kaiser Engineers and Constructors, Inc. 
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Britain's latest Wind Tunnels—leaving our alloa works 
Here, there and everywhere throughout the world Harland have an unequalled 
reputation for the design and construction of modern equipment. 

Specialisation in hydraulic, electrical and control engineering is the basis 

of Harland’s interest in the application of pumps, motors and rotovalves 

for the most complicated and complex projects. 


THE HARLAND ENGINEERING COMPANY LIMITED 


WORKS: 
ALLOA, SCOTLAND & TIMPERLEY, CHESHIRE 


LONDON & EXPORT SALES OFFICE: 
HARLAND HOUSE, 20 PARK STREET, LONDON W1 


Branches in Bristol, Glasgow, Leeds, Newcastle, Nottingham, 
Timperley (Cheshire), Wolverhampton and overseas F800/3 
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(onsolidated Pneumatic 


ROTARY COMPRESSORS 


Look at the practical styling . . . then look 
at the rugged, well-proved power unit un- 
der the canopy—‘Power Vane’, of course! 
These compressors have improved access 
for operation and maintenance, and the 
lighter weight and ‘easy handling’ feat- 
ures provide outstanding manoeuvrability. 
Like all CP rotary compressors, the ‘Power 
Vane’ 125 has no valves, pistons or crank- 
shaft and runs in oil to reduce wear to 
the absolute minimum. It is provided with 
electric starting, and regulation is fully 
automatic. You won't find a smarter, more 
efficient two-tool unit today! 





@ There is also a Land Rover 
mounted version of this 125- 
RO-2 Rotary Compressor which 
will take your air power any- 
where over the roughest terrain. 
This hard-working unit, opera- 
ted from the power take-off, 
can save you valuable time 
and keep operating costs at 
the lowest level. 











@ A new ‘middleweight’ in the 
range is the Model 260-RO-2. 
This modern streamlined unit 
with two-tone finish is proving 
a particularly useful size be- 
cause its 260 c.f.m. will operate 
at least four heavy tools with 
ample margin. 


These and other models up to 600 c.f.m. are fully detailed in 


Catalogue 58C available on request. 
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WATER 
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A technical journal devoted to the study of 
all aspects of hydro-electric development 


Maintaining Old Structures 


NE of the virtues of water power is the long 

life of the dams and other civil-engineering 

structures associated with its development. 
Nevertheless, this does not mean that these structures 
can be put up and forgotten, and all progressive 
authorities now recognise the need for regular inspec- 
tion and maintenance. Indeed, certain recent disasters 
have caused various authorities to introduce more 
stringent requirements for the regular inspection of 
dams. 

A feature of many modern dams is the extent to 
which built-in instrumentation is employed, giving 
valuable information to the designer and keeping a 
permanent check on the behaviour of the structure. 
With older dams few such facilities exist, and there 
would appear to be a need to develop new techniques 
for detecting any defects in these structures and for 
dealing with them. 

Fortunately one of the vulnerable areas of a dam 
—the upstream face—is amenable to visual inspec- 
tion at the cost of drawing down the reservoir. 
The standard methods used for ensuring watertight- 
ness on the upstream facings include plastering, re- 
vetment in stone, revetment with many types of 
bituminous substance, manties of steel sheeting, and 
facing with concrete. To these there may now be 
added the application of plastic sheeting. Earlier 
attempts to use this synthetic material were not 
always successful. In some cases trouble arose when 
frost caused the mantle to pull away from the face 
of the dam. The employment of glass-fibre mats 
impregnated with bituminous substances has been 
successful, but it has been found that the action of 
sunlight in exposed mountain areas sometimes 
“bleaches” the sheeting, leaving only the glass fibre, 
precariously attached to the face of the dam. 

There would appear to be room for the develop- 
ment of a plastic material that will solve the problem 
of securing maximum watertightness for old struc- 
tures. Such a substance is only just outside the range 
of plastics now available. It should have a high 
degree of mechanical strength at temperatures rang- 
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ing from well below zero Fahrenheit up to something 
near that of boiling water, as attained in some places 
after continuous exposure to the sun. In some cases 
it would need to be carried to the site by helicopter 
together with all the necessary fixing gear, and thus 
should be capable of being rolled or folded into 
convenient packages. It must be resistant to aggres- 
sive water and chemically neutral. It must also resist 
the action of strong ultraviolet radiation, as found 
in mountainous areas. Fixing must be easy yet per- 
manent; and, finally, the material must be reasonable 
in cost. 

But although hydro-electric engineers concerned 
with maintenance would welcome the arrival of the 
sort of repair material outlined above (which would 
also find its application in new structures), it is not 
yet available; and so there have been many ingenious 
developments in the more usual fields to meet the 
need for speedy yet permanent repair. The method 
perhaps most often employed is that in which a plaster 
coating is employed, and here the word “plaster” 
covers a multitude of cement-type products, with or 
without special additives, such as plastifiers, air- 
entrainment formers, and the like. Here the chemists 
concerned with concrete have provided the engineers 
with materials that constantly improve in general 
suitability. Most modern facings do, in fact, take on 
the quality of concrete, with very carefully and 
scientifically graded granulometry of the aggregate. 
But there is still room for further research. 

Where leakage below the foundations is suspected, 
research has provided elegant techniques for tracing 
the path of the percolations. Radioactive tracers can 
be employed, so that the movement of the water can 
be faithfully mapped, even where it cannot be de- 
tected in any other way. But this tool has drawbacks, 
and there is room for improvement in the operating 
technique and reliability of nuclear methods. 

When percolations are found, injection grouting is 
often employed to cut them off or to extend the 
existing cut-off screen. Here again, better knowledge 
of the fundamental physical properties of the many 
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kinds of grouting slurries that are now employed has 
enabled blind working of this kind to become more 
and more effective. But simple geophysical prospect- 
ing equipment, using seismic and perhaps earth- 
resistivity methods or a combination of both, should 
be developed so that the engineers can obtain clearer 
ideas as to the cavities under the ground that need 
to be filled to stop leakages. 

Mention may also be made of the need for simple 
detection devices, equipped with automatic telemetry 
and perhaps with radio links, which could be installed 
on old structures, giving warning of undue uplift 
pressures, or even of minute movements such as the 
settling of earth dams, to a distant control point. 

When we turn to the maintenance of older 
hydraulic and electrical equipment ‘we are faced with 
a surprising dearth of information. A great deal has 
been published about the phenomenon of cavitation 
in turbines, gates, valves, etc., and about materials 
to resist its effects, but hardly any papers or articles 
appear to have been written about the general prob- 
lems and routines of maintenance in an existing 
hydro-electric station. From time to time we have re- 
ceived quite a number of enquiries for information 
on this aspect of our subject, and we are convinced 
that accounts of experience of this kind would be of 
general benefit. 


St. Lawrence Power Project 


On May 16, Dr. Otto Holden, formerly Chief En- 
gineer of the Hydro-Electric Power Commission of 
Ontario, presented a paper to the Institution of Civil 
Engineers in London entitled “St. Lawrence Power 
Project—Hydraulic Features,” which dealt with some 
of the major hydraulic problems and procedures 
connected with the St. Lawrence Seaway and Power 
undertaking. Due to the complexity and magnitude 
of the project, the author confined his detailed atten- 
tion to four main features of interest, which were the 
dewatering procedures, the hydraulic design features, 
the construction of hydraulic models, and the contro! 
of the river during construction. 

The dewatering programme for the construction of 
the major permanent works was governed by the 
main requirements of the International Joint Com- 
mittee, which were that the flow to downstream in- 
terests was not to be affected, the existing 14-ft navi- 
gation was to be maintained, and the levels of Lake 
Ontario were not to be affected. The paper explains 
how these very rigorous stipulations were met by 
means of a tightly controlled programme of construc- 
tion, particularly at the two dam sites at Iroquois and 
Long Sault. 

A considerable amount of channel-enlargement 
works was required (involving about 70 million cu 
yards of earth and 2 million cu yards of rock), due 
to the requirements for improved navigation and the 
need to secure velocities low enough to allow ice 
cover to form. The maximum mean velocity allow- 
able in navigation channels was fixed at 4 ft/sec, and 
that required for the formation of ice cover was de- 
termined, after prolonged studies, as 2:25 ft/sec at a 
flow of 220,000 cusecs. 

The use of hydraulic models was a major feature 
of the design work, and the author stated that, where- 
as about five million dollars were saved by the use 
of models on the Niagara development, an even 
greater sum was saved by the ten models constructed 
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for the St. Lawrence project. In addition to provid- 
ing the final design of the channel enlargements, the 
models were used in the design of the hydraulic re- 
quirements of the Iroquois and Long Sault dams. It 
is interesting to note that a computer was extensively 
employed for the preparation of the hydraulic data 
on which the models were based. This preparatory 
work occupied a year, but it is estimated that 50 man- 
years would have been required without the aid of 
the computer. 

One of the most interesting aspects of the scheme 
was the degree of river control achieved during con- 
struction. At first sight, the task appears to have been 
a reasonable one because the St. Lawrence is a river 
with a naturally high degree of regulation, which is 
illustrated by the fact that its maximum flow is only 
twice its minimum, due to the balancing effects of the 
Great Lakes. However, control was complicated by 
the occasional occurrences of large seiches on Lake 
Ontario, one of which resulted in a rise of more than 
3 ft at Iroquois dam. 

Dr. Holden concluded his paper with an account 
of the remarkable flooding operation carried out on 
completion of the main hydraulic works, and which 
delayed shipping for no longer than four days. The 
vast amount of co-ordinated work required, which 
was all directed from a central control room, was 
a credit to all concerned, and particularly to Dr. 
Holden, who played such a major part in the success- 
ful completion of this large and highly interesting 
project. 


New Indian Scheme Proposed 


Tue Indian state of Andhra Pradesh has proposed 
the construction of a 430-MW hydro scheme at 
Srisailam on the Kistna river, some 112 miles from 
Kurnool. The project also envisages a second develop- 
ment at Nagarjunasagar, which will have two 50-MW 
units, and the interconnection of the two stations by 
a 230-kV system. The central location of the two pro- 
jects would ensure economic transmission to various 
industrial load centres in the state. The total cost of 
the scheme is estimated at Rs. 497,700,000, of which 
Rs. 144,100,000 would be for transmission lines and 
substations, and it has been suggested that the work 
might take up to ten years to complete. 


Volta Contract Awarded 


A CONTRACT for the construction of the first 
stage of the Volta River project, which is believed to 
be worth about £16 million, has been awarded to the 
Impresit group of Italy. The revised scheme for the 
Volta development, which was outlined in our June 
1959 issue, comprises a main dam and power station 
at Kosombo, and a subsidiary low-head dam and 
power station at Kpong Rapids. The main stations 
will have an initial installation of four 128-MW units 
with space for two more sets of the same size, and 
the subsidiary an installed capacity of 140 MW. The 
Impresit contract is for the main power station and 
dam, which will be of rockfill construction, and which 
will have a crest length of about 2,100 ft and a maxi- 
mum height of some 370 ft. 

Tenders have also been invited for the electrical 
and mechanical equipment for the Kosombo develop- 
ment. The various contracts to be awarded include 
the sunply of four Francis turbines, each with a rated 


WATER POWER July 196] 








capacity of 176,500 h.p. at a speed of 115.4 r.p.m. 
and a net head of 213 ft; the supply of four 142- 
MVA generators and four three-phase transformers, 
each rated at 165 MVA and 161 kV; the supply of 
a 500-ton capacity power-station gantry crane; the 
supply of 12 spillway tainter gates, each 42 ft by 38-5 
ft; and the supply and construction of approximately 
100 miles of double-circuit transmission lines, and 
about 400 miles of single-circuit lines, both systems 
being designed for a voltage of 161 kV. The tenders 
are to be opened in Accra on September 5, 1961. 

It was also announced recently that Kaiser En- 
gineers and Constructors Incorporated, of California, 
USA, had been appointed as engineers for the design 
and supervision of construction. 


Loan for Colombian Development 


"THE World Bank has approved a loan of $22 mil- 
lion for the expansion of hydro-electric installations 
supplying the metropolitan area of Medellin, an im- 
portant manufacturing centre in Columbia. The loan 
was made to the Empresas Publicas de Medellin, 
which is an autonomous public power-supply enter- 
prise. 

The power-supply authority is carrying out a long- 
term expansion programme, in order to keep abreast 
of a demand that is growing at an average annual 
rate of 11%, and the latest loan will help to finance 
the second stage of the Guadalupe hydro-electric pro- 
ject. The first-stage development was described in 
our August 1959 issue, and the second-stage works 
will include the installation of a second 18-MW unit 
at the Troneras station, the installation of three ad- 
ditional 40-MW units at the Guadalupe III station, 
and the construction of the Miraflores dam on the 
Tenche River. This dam will create a reservoir, the 
storage capacity of which will supplement that of the 
Troneras reservoir. Additional transmission and dis- 
tribution facilities will also be constructed. 

The first of the two first-stage 40-MW generating 
units at Guadelupe III is expected to be in operation 
in early 1962, and the whole of the first stage is ex- 
pected to be completed early in 1963. The second 
unit at Troneras should be in operation in late 1963, 
and the additional three units at Guadelupe III in 
1964-65. The total capacity of 236 MW that will be 
added to the supply authority’s existing capacity of 
136 MW is expected to meet the demands of the area 
served until 1968, by which time it is hoped to under- 
take further power developments. The total cost of 
the second stage of the project is estimated to be 
$25,830,000. 


Mangla Project Details 


WE are now able to give our readers some further 
details about the Mangla project in Pakistan, tenders 
for which were expected to go out in June to ap- 
proved consortia of contractors. 

The main dam across the Jhelum River will be 
11,000 ft long and of earthfill construction. Five tun- 
nels will supply a power installation, the initial 
capacity of which will be 300 MW, and the ultimate 
capacity 1,000 MW. The first-stage main dam will 
contain approximately 75 million cu yards, and will 
have a maximum height measured from river bed 
level of 370 ft. The dam has been designed so that 
the crest level can be raised by 46 ft in the future. In 
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addition, there will be a subsidiary earth dam with 
a length of 6,400 ft and a maximum height of 230 ft, 
and this will have a volume of some 20 million cu 
yards. 

It is believed that the first stage of Mangla dam 
will be the highest earthfill dam in the world, al- 
though it will be smaller in volume than Fort Peck, 
Kuibyshev, and Oahe dams 

The consulting engineers for the project are Messrs. 
Binnie, Deacon and Gourley of London. 


Further Developments in the Dominican 
Republic 


N addition to proceeding with the two projects al- 
ready announced in WATER POWER (March and May 
1961), the Dominican Republic Government has de- 
cided to go ahead with a third. This will be situated 
at Las Damas in Independencia Province. The dam 
and reservoir will be linked to the generating plant 
by a 7-kim long canal, which will follow the 400-m 
contour line, and by a penstock with a fall of 320 m. 
The reservoir capacity will be 50 million m*, and the 
annual output is estimated at 50 GWh. In addition, 
some 30,000 hectares will be irrigated by the project, 
which is expected to cost $13,500,000. 

The three schemes that are now to proceed—the 
Tavera, the Nizao, and Las Damas—are expected to 
provide a combined annual output of 320 GWh. 


Progress at Glen Canyon 


T is reported that more than a million cu yards of 
concrete have now been placed in the Glen Canyon 
arch dam, which was described in detail in our Janu- 
ary 1961 issue. The height of the dam above bedrock, 
which will be about 710 ft when completed, is now 
more than 210 ft. Concrete placing commenced in 
June 1960 and the average rate of placing has been 
about 40,000 cu yards/week. The power station at the 
foot of the dam is also progressing well, and the eight 
15-ft diameter penstocks leading to it are now being 
embedded in the dam. 

The Glen Canyon project, which is on the Colorado 
River, will have a capacity of 900 MW, and is ex- 
pected to be completed in 1964. The main contractor 
to the US Bureau of Reclamation is the Merritt- 
Chapman and Scott Corporation of New York. 


Calgary’s Multipurpose Project 


IN their Annual Report for 1960, Calgary Power 
Limited describe a new project on the Brazeau River, 
which is a tributary of the North Saskatchewan River. 
The Brazeau project has a potential capacity far in 
excess of the company’s present needs, and the initial 
cost of power development alone is unattractive. In 
order to overcome these disadvantages, it is proposed 
to develop the scheme for water-storage purposes at 
first, and thus overcome a pollution problem on the 
North Saskatchewan River. This is brought about by 
the low winter flow, which is likely to have an increas- 
ingly adverse effect on Edmonton and other com- 
munities as they expand. 

So that water can be stored for the alleviation of 
pollution as soon as possible, the company and the 
Province of Alberta have entered into an agreement 
whereby the company is to construct the initial stor- 
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age works for the Province at a cost not exceeding 
$14,546,000. Calgary Power will also proceed with 
their own power development, and will purchase the 
storage works by October 1980, or by the time the 
installed generating capacity reaches 550 MW. Some 
water for anti-pollution purposes will be available in 
the winter of 1961, but the first power unit at Brazeau 
will not be commissioned until 1964 or 1965, It will 
be of 150-MW capacity. 

The report also states that the company’s 138-kV 
transmission system is now approaching its load 
limit. A new 240-kV line from Wabamun steam plant 
to Calgary will be constructed by 1962, and this will 
complete the HV transmission link between the Bow 
River hydro plants, Wabamun, and the main load 
centres of Calgary and Edmonton. The 183-mile line 
will cost $6,500,000, including terminal facilities. 


OEEC’s Recommendations on Energy 
Policy 


A RECOMMENDATION has been adopted by the 
OEEC Council that is designed to assist each member 
country in framing its energy policy. The recommen- 
dation urges its member countries to consider a num- 
ber of conclusions of the Energy Committee, includ- 
ing the assumption that there will not be any lasting 
shortage of energy supplies in Western Europe before 
1975. Although many of the conclusions put forward 
relate specifically to coal, it is interesting to note that 
it is suggested that governments should determine 
their financial policy in such a way that taxes, charges 
and customs duties do not lead to the preference of 
a less-economical for a more-economical form of 
energy. 

Apart from recommending that the Energy Com- 
mittee’s conclusions should be taken into account 
when planning national energy policy, the OEEC 
Council has called for increased international consul- 
tation in the energy field and for the continuation of 
co-operation with other international organisations. 


Remedial Work at Kariba 


As a result of a discovery of a small vein of weak 
rock in the Kariba dam foundations, it was recently 
decided to excavate and replace the poor material 
with concrete. It was stated by the Chairman of the 
Federal Power Board that there was no danger at 
all to the dam, as the zone concerned was very small 
and outside the main area of pressure. About two- 
thirds of the work had been completed by the end of 
April, and the cost of the remedial action was ex- 
pected to be about £150,000. 


Uganda Electricity Board’s Annual 
Report 


THE Annual Report for 1960 of the Uganda Elec- 
tricity Board shows that there was a 146% increase 
during the year in the units generated, reaching a total 
of over 396 million kWh, of which 99-25% were sup- 
plied by the Owen Falls station. There was no in- 
crease in the installed capacity of this station, which 
remains at 120 MW, although the foundations and 
installation of embedded parts for the tenth and final 
set were completed during the year. Abnormally 
heavy rains caused a delay to the installation of the 
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460-kW unit at the Kikagati station on the Kagera 
River. 

Much of the Board’s effort was devoted to the ex- 
pansion of transmission and distribution facilities 
throughout the territory, and to the building up of 
the load on the Owen Falls station. Major extensions 
to the supply areas were approved during the year 
and, as noted in our May issue, the World Bank has 
now approved a loan to assist this work. 


Progress on the Snowy Mountains 
Development 


lr was Stated recently that work on the Snowy Moun- 
tains scheme in south-east Australia is now about 
half compleie. The first phase, comprising the Snowy- 
Tumut development, is now finished, and work is be- 
ginning on the Snowy-Murray development. It is 
expected that al! the large projects will be completed 
by 1970, although work on subsidiary schemes is 
likely to continue until 1975. 


Power from the Indian Ocean 


AN interesting scheme for the generation of power 
from the sea is now being investigated in Mauritius. 
The island lies in the Indian Ocean, and in the path 
of the south-east trade winds; for the greater part of 
the year, rollers from four to 12 ft high break on the 
coral reefs on its southern and eastern coasts. At one 
point, Souillac, the reef almost encloses a shallow 
lagoon, which is drained at low tide. If the enclosure 
were to be completed, a reservoir would be created, 
which would be replenished by the breakers. The tidal 
range is small, and it would be possible to guide the 
breakers into the lagoon by means of a concrete ramp. 

The Central Electricity Board of Mauritius and its 
consulting engineers, Sir Alexander Gibb & Partners, 
London, are considering proposals to utilise the im- 
pounded water to supply low-head turbines. An initial 
installed capacity of 9,280 kW is visualised, and the 
ultimate capacity might be 44 MW. 

Tests to determine the most suitable design of ramp 
were carried out at the Hydraulics Research Station 
of the Department of Scientific and Industrial Re- 
search at Wallingford, England. Tank tests were made 
with 1:15 scale models, and showed that a ramp 
with a fixed crest to suit the most prevalent wave con- 
ditions would be the best solution. Wave-measure- 
ment apparatus for the determination of these condi- 
tions has now been installed on the Mauritius coast. 


Another Awe Project Contract Awarded 


THE Mitchell Construction Company, of Peter- 
borough, have been awarded a contract by the North 
of Scotland Hydro-Electric Board for the construc- 
tion of the superstructure of the Inverawe power 
station, which is part of the Awe project in Argyll- 
shire. Mitchell’s already have the contract for the 
power station foundations, and the total value of 
their work on this project is now about £3 million. 

James Shearer & Annand, of Dunfermline, are the 
architects for the station buildings, Merz and McLel- 
lan are the electrical and mechanical consultants, and 
James Williamson & Partners, of Glasgow, are the 
civil-engineering consultants for the Inverawe and 
Cruachan sections of the Awe scheme. 
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Fig. 20. Rosswiese reservoir, in the Kreuzeck section, under construction 


The Reisseck-Kreuzeck Development 


In this final article we describe the Kreuzeck 


section, Hattelberg pumping 


station, Kolbnitz 


power station, and the temporary and permanent 
transport facilities 


PART THREE 


KREUZECK RUN-OF-RIVER SECTION 

As already outlined, the development on the 
Kreuzeck side of the MOll valley comprises two diver- 
sion tunnels—one collecting the waters of the Teuchl- 
bach (see Fig. 2) and the other those of the Niklaibach 
—discharging into a reservoir at Rosswiese from which 
a penstock leads down to Kolbnitz station. An exten- 
sion of the Niklaibach tunnel to recover the head- 
waters of the Grabach and the Gnoppnitzbach has 
also been constructed. The tunnels call for little 
comment; they are of the free-flow type and of horse- 
shoe section, concrete lined where necessary. Teuchl- 
bach tunnel is about 5 km. long and Niklaibach tunnel 
24 km.; the extension to Gnoppnitzbach adds another 
64 km. 

"Advantage has been taken of the higher elevation 
of the tunnel from Gnoppnitzbach to build a small 
power station at Niklai to utilise the waters before 
they enter the tunnel from Niklaibach to Rosswiese 
reservoir. This station houses two generating sets, one 
of 1,150 kW and the other of 500 kW capacity. The 
turbines were built by Voith, St. Polten, and are 
designed for a head of 54 m.; the generators are of 
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AEG manufacture. The station can be bypassed by 
means of a needle valve. 

The Rosswiese reservoir, which is shown in Fig. 20, 
has a storage capacity of 193,000 cu. m.—or 204,000 
cu. m. including the storage in the tunnels—at a re- 
tention level of 1,194 m. It is an oval-shaped artificial 
basin formed by a moraine and rockfill embankment 
faced on the water side with a concrete membrane 0°8 
m. thick, the sides and floor of the basin being covered 
with asphalt to a depth of 18 mm. 

The valve chamber controlling the supply to the 
penstock is a concre:e structure formed actually 
within the embankment, and houses an GAG 1,800 
mm. self-closing valve cf the same type as those used 
on the other reservoirs. It closes if the normal maxi- 
mum discharge is exceeded by 10% and can also be 
tripped from Kolbnitz power station but must be 
reopened locally. 


Penstock 
The penstock from Rosswiese reservoir to Kolbniiz 


power station is 1,537 m. long and weighs 1,100 tons. 
It reduces in diameter from 1,800 mm. to 1,350 mm.. 
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Fig. 21. General arrangement of Kolbnitz power station, which houses the generating sets for all three 


sections of the 


and was built in three sections. The uppermost sec- 
tion is constructed of Aldur 47 steel and has a wall 
thickness of 10 mm. to 21 mm.; the centre section is 
in Aldur 50 steel and the wall thickness ranges from 
18 mm. to 25 mm.; the bottom section is in Aldur 58 
steel and has wall thicknesses of 25 mm. and 26 mm. 
The pipeline is secured by 11 anchor blocks and sup- 
ported on concrete saddles or pendulum towers at 
intervals of 16 to 20 mm. To reach Kolbniiz power 
station it has to cross the MOll in the form of a pipe 
bridge, as seen in Fig. 23. Supply and erection were 
shared by Sulzer Bros. Limited and VOEST. 

The distributor, which was built by VGEST, has 
two 850 mm. branches leading to two turbines and a 
700 mm. branch to meet that of the Reisseck run-of- 
river distributor. Both branches are spherical and 
have internal guide plates. The distributor is in Aldur 
58 steel and weighs 60 tons 
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development 


Generating Sets 

The two generating sets for this section are each 
rated at 20 MW and are of Italian manufaciure, the 
turbines having been supplied by Franco Tosi, S.p.A.. 
Legnano, and the generators by Ercole Marelli & Co.., 
S.p.A., Milan. 

The turbines are of the horizontal-shaft single- 
wheel two-jet type. each developing 31,700 h.p. when 
discharging 4°59 cu. m. per sec. under a maximum 
net head of 583-7 m. The wheels are integral castings 
in nickel-chrome steel, supplied by George Fischer 
Limited. 

Both sets run at 500 r.p.m., and the generators are 
rated at 0-9 pf. and 10°5 kV. 


HATTELBERG PUMPING STATION 
We will now return to the Reisseck side of the valley 
to describe Hattelberg pumping station, the purpose 
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Fig. 22. 


of which is to transfer surplus water from the Reisseck 
run-of-river section, and, if necessary, from the 
Kreuzeck section on the other side of the valley, to 
the Reisseck high-level storage lakes. 

Hattelberg pumping siation, the interior of which is 
depicted in Fig. 24, is situated alongside the Reisseck 
penstocks at an elevation of 1,113 m. 

Gondelwiese reservoir has a maximum water level 
of 1,288-5 m., so that a positive head of 175-5 m. is 
imposed on the suction side of the pumps. On the 
delivery side the highest water level is 2.399 m. in 
Radlsee reservoir, correspond- 
ing to a net static head of 
1,100-5 m. This will increase 
as Gondelwiese reservoir is 
drawn down, and to allow for 
this and for pipeline losses 
the pumps have been designed 
for a final pressure of 1,230 
m., which is claimed to be 
the highest so far recorded 
for storage pumps. For much 
of the time, however, the 
pumps will work against an 
appreciably lower head be- 
cause the other three reser- 
voirs are lower; Grosser 
Miihldorfersee, for example. 
has a maximum water level 
of 2,319 m., in which case the 
static head on the pumps is 
reduced to 1,030°5 m. 

As mentioned earlier in 
this article, the station has 
the task of transferring 6°3 
million cu. m. of water in the 
course of the year. To meet 
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Fig. 23. The Kreuzeck pipe bridge over the Rive 





The Tosi!Marelli 20-MW sets for the Kreuzeck section 


this duty, two pumps, each delivering 450 lit. per sec. 
against a head of 1,070 m., have been installed, and 
provision has been made for a third pump. This 
corresponds to a pumping capacity of 3,240 cu. m. 
per hour with two pumps, and 4,860 cu. m. per hour 
when the third pump is installed. 

The pumps, the feedline from the run-of-river pen- 
stock and the pressure line to the storage penstock 
were all built by Sulzer Brothers, Winterihur. The 
pumps run at 1,500 r.p.m. and each absorbs 7,530 h.p. 
at full delivery. They are eight-stage horizontal units, 
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Fig. 24. The Sulzer pumps in Hattelberg pumping station 





. One of the de Roll valves 


the axial thrust being taken by interchangeable wearing rings. 
Priming is effected by an automatic air-vent valve. The shaft is 
mounted on two ring-lubricated bearings provided with waier- 
cooling coils in the oil chambers. An auxiliary oil pump floods 
the bearings with oil during the starting period until the oil rings 
are able to take over. 

The pumps are driven through flexible couplings by Marelli 
motors. These are three-phase synchronous machines supplied 
at 10 kV and operating at 0-9 p.f., but they are started as induc- 
tion motors by means of autotransformers. 

The feedline from the run-of-river penstock is about 56 m. 
long and has a diameter of 800 mm. at the point of take-off. 
It leads to a 600 mm. electrically operated sluice valve, succeeded 
by three 400 mm. branches for the three pumps eventually to 
be installed. In each of the two branches now in use is inserted 
a 400 mm. electrically operated sluice valve. 

On the delivery side each pump is furnished with a special 
control valve to which we shall return in a moment. These valves 
mate with 300 mm. branches in the delivery line converging to a 
500 mm. pipeline in which is inserted a main spherical stop valve 
which can be operated either electrically or by hand. All the 
valves except the special control valves were supplied by Gster- 
reichische Armaturen Gesellschaft. 

One of the major problems in designing a high-head storage 
pumping installation is to control the surges that would arise in 
the event of a pump tripping out or of all the pumps stopping 
due to a supply failure. In the smaller, comparatively low-head 
pumping plants commonly found in indusiry the usual reflux 
valve provides an adequate safeguard against such eventualities, 
but for the high-capacity high-head installation typical of 
pumped-storage plants a reflux valve would not be feasible, not 
only for reasons of design but because the dynamic conditions 
are different. Sudden stoppage of a pump brings two unrelated 
phenomena into play: In the first place, the flywheel effect o/ 
the pumping set and the inertia of the water in the rising main 
cause the flow to persist for a few moments after the power is 
cut off; secondly. the reduction of pressure at the pump outlet 
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initiates a series of surges, the frequency of which 
depends on the reflection period of the pipe. 

In the normal industrial plant the period of persis- 
tence of flow is long in relation to the water-hammer 
frequency, and if necessary this period of persistence 
can easily be lengthened artificially by means of an 
air vessel or by adding a flywheel to the pump. The 
pressure surges will thus occur in an unobstructed 
hydraulic circuit and will have died down to a moder- 
ate value by the time the reflux valve closes. 

On the other hand the dimensions of a pumped- 
storage plant are usually such that the flow-persistence 
period is shorter than the surge period. Thus, if a 
reflux valve were used, the first surge-pressure wave 
would strike a closed valve, and the resulting water- 
hammer could be dangerous. One way of overcoming 
this difficulty would be to replace the reflux valve by 
an automatic shut-off valve adjusted so that it would 
not be fully closed until after the first pressure wave 
had passed and had therefore relieved itself through 
the pump. This, however, would mean that the valve 
would still be wide open when delivery ceased; a re- 
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Nl R = REISSECK RUN-OF-RIVER 
TURBINE 
K = KREUZECK TURBINE 


N= NIKLAI TURBINE 





SPITTAL P = PUMP 


Fig. 26. Main circuit diagram for 
the Reisseck-Kreuzeck development 


flux would then occur, first against the rotation of the 
pump but eventually reversing the pump and speed- 
ing it up as a turbine. The consequent reduction of 
pressure in the rising main would intensify the result- 
ing positive pressure surge, which could reach an un- 
safe value. Some means must therefore be found of 
closing the valve against the first reflux but of 
enabling the following pressure impact to pass the 
valve and dissipate itself through the pump and suc- 
tion main. It is a system of this kind that Sulzer 
Brothers have incorporated in the Hattelberg pump- 
ing installation. 

Calculations carried out by this firm showed that 
flow would cease about one second after an interrup- 
tion of power, and that the resultant positive pressure 
wave would arrive after six seconds and could amount 
to as much as 25% of the static pressure. Seeing that 
the pressure rise in the penstocks was to be limited to 
10% it was obvious that special provisions would 
have to be made. 

At the outlet from each pump is placed an auto- 
matic shut-off valve, which, for a normal shutdown, 
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closes in 20-30 sec., after which the pump motor is 
switched off. In the event of an emergency shutdown. 
however, the valve closes in less than a second and 
prevents any reflux on the cessation of flow. Relief of 
the subsequent pressure surge is effected through an 
automatic bypass, which is opened by an electrical 
signal from the main shut-off vaive after two seconds 
and subsequently closes slowly under the influence of 
an adjustable time relay, normally set to complete 
closure in about 20 sec. 

These valves were made by Louis de Roll Iron- 
works Limited, Klus, Switzerland, and one of the 
valves is depicted in the builders’ works in Fig. 25. 

Tests on the pumping plant after erection showed 
that the hydraulic characteristics of the installation 
were as calculated and that the shut-off apparatus 
gave the requisite protection. 

Hattelberg pumping station is normally remote 
controlled, with automatic starting and stopping, from 
Kolbnitz power station, but can also be started and 
stopped iocally, either under automatic control or by 
manual operation of all controls, in which case the 
normal interlocks remain effective. Automatic safety 
devices switch out a pump in the event of overheating 
of the bearings or of the balancing water, interruption 
to the flow of bearing cooling water, loss of pressure 
on the pump suction, or overload. 


MAIN ELECTRICAL SYSTEM 

A single-line diagram of the main electrical system 
is given in Fig. 26. We have already described the in- 
dividual generating sets in Kolbnitz power station 
under their respective sections of the development, 
and their relative disposition will be observed from 
the layout plan of the station, Fig. 21. All the sets 
generate at 10-5 kV. and cables from these sets con- 
vey the power through a cable gallery to an outdoor 
switchyard. Here, each generator except Kreuzeck 
No. | and Reisseck run-of-river No. 2 is direct con- 
nected to a corresponding transformer stepping up to 
115 kV to feed the 110 kV system. The transformers 
for the two Reisseck storage sets and for the Kreuzeck 





No. 2 machine are each rated at 25 MVA and were 
supplied by Marelli. An order for the transformer for 
the third Reisseck storage set (No. 1) has been placed 
with ELIN, who also supplied the 20 MVA trans- 
former for the Reisseck run-of-river No. | generator. 

On the high-voltage side of each transformer is an 
AEG circuit-breaker followed by isolators connecting 
to One or other side of a double-busbar system. From 
these busbars lines go to Kamering and to Lienz, and 
provision is made for three further lines. 

The Kreuzeck No. | generator and the 6:5 MW 
Reisseck run-of-River machine are connected through 
Brown-Boveri circuit breakers to a 10 kV double- 
busbar system, which is interconnected with the 110 
kV busbars through two regulating transformers. One 
of these units, supplied by Marelli, is rated at 25 
MVA and has a regulating range of +15%; the 
other, by EBG, Linz, is a 20 MVA unit with +22° 
regulation. 

The 10 kV system supplies the Hattelberg pumping 
station and connects to Rosswiese reservoir and 
Niklai power station. It also feeds a 20 kV local net- 
work through an ELIN 10 MVA regulating trans- 
former. 

The high-voltage circuit breakers were supplied by 
AEG and the 10 kV and 20kV breakers by Brown- 
Boveri. The switchyard was built by ELIN. 


Control 

The control room at Kolbnitz power station was 
equipped by ELIN, who also supplied the automatic 
control for the generating sets. This control, which 
covers starting and synchronising, is required because 
Reisseck is a peak-load station incorporating pumped 
storage, and calls for rapid changes in plant opera- 
tion to follow the load pattern. With this control it 
is possible to have any set on the busbars within two 
minutes of initiating the starting sequence, and to run 
up two or more sets simultaneously. With hand con- 
tro! each set would have to be handled separately 
and would need four to five minutes to bring into 
service. 


| 
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Fig 27. A section of the control room at Kolbnitz power station 
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Fig. 28. Waagner-Biré winch for the first section of the Reisseck haulage 


As already mentioned, the Hattelberg pumps, 
which have an essential part to play in the generating 
pattern, are remote controlled from Kolbnitz and are 
started and stopped on an automatic sequence by 
Marelli control gear. 


MOUNTAIN TRANSPORT 

Special transport facilities for men and materials 
had to be provided both to build and to maintain the 
installations On the high mountains. 

For the construction of the Reisseck penstocks and 
of Hattelberg pumping station, to bring up heavy 
equipment and to provide permanent transport facili- 
ties for personnel, one of the longest inclined rope 
haulages in Europe was built alongside the penstock 
track by Waagner-Bir6 of Graz. Various illustrations 
of this haulage appear in Figs. 14 and 29. It com- 
mences in the MOll valley just below Kolbnitz railway 
station at an elevation of 719 m., and extends to the 
Reisseck plateau 2,236 m. above sea level, corres- 
ponding to a difference in height of 1,517 m. It can 
raise a load of 11 tons in a period of 45 min. When 
raising material its travelling speed is 1 m. per sec., 
and for passenger transport this is increased to 1-6 m. 
per sec. 

The haulage is built in three sections, each having 
an inclined length of 1,300 m., the ruling gradient be- 
ing 39°. Each section has a single track accommodat- 
ing a single car hauled by an electric winch in an 
engine house at the top of the section. Transfer sta- 
tions are provided at the junctions between adjacent 
sections, and to obviate the need to transfer heavy 
loads from One car to another at these stations, sidings 
enable a car to be unhooked from the haulage rope 
of the section it has just traversed and connected to 
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Fig. 29, Reisseck haulage in use for erection of the 
storage penstock 
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Fig. 30. Track of the high-altitude diesel railway between the penstock-haulage terminus and the Seen 
plateau. The half-buried pipeline from Hochalpersee runs by the side of the track 


that of the succeeding section. The ropes, which are 
40 mm. in diameter, are of Langs-lay construction to 
prevent their twisting when slackened off. They are 
guided at the rail centre by vertical rubber-lined pul- 
leys running On antifriction bearings, and by over- 
head pulleys on portal frames where the track 
traverses a dip. On horizontal curves and through 
points the guide pulleys are inclined. 

The cars are of a simple platform type, and for 
passenger transport are equipped with guard rails and 
with seats to accommodate 54 persons. They are fitted 
with emergency track brakes. 

The three winches, one of which is depicted in Fig. 
28. are of similar design. A haulage drum, 3-8 m. in 
diameter, is driven by either of two 120 h.p. three- 
phase slipring motors through flexible couplings, a 
changeover gear and two stages of open spur gearing. 
The motors drive the winch at different speeds, for 
manriding and for materials haulage respectively. 
Brakes for normal operation are applied pneumatic- 
aliy to brake discs on the flexible couplings, and a 
pneumatically-operated emergency brake acts directly 
on the winding drum, In addition, electrically-released 
brakes fitted to the transmission shaft come into 
action as soon as the motor is de-energised. 

From the mountain terminus at Schoberboden a 
760 mm. gauge railway runs a distance of about 3 km. 
to the construction depot on the Seen plateau. Part 
of the track, with the buried pipeline alongside it, 
can be seen in Fig. 30. The railway is manned by a 
fleet of six 40 h.p. diesel locomotives, and is equipped 
with cars for personnel and for materials. 

Gravel for the high dams was brought up from 
Kolbnitz by a 35 ton per hour aerial ropeway to a 
silo by the side of the railway track, whence it was 
transferred to wagons and taken to the Seen plateau. 
Thence a temporary inclined rope haulage raised it 
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to the concrete batching plant near the Grosser Mihl- 
dorfersee dam site. A temporary railway, 4 km. long, 
carried the batches to the other dam sites. 

On the Kreuzeck side, Waagner-Bir6é have built a 
second inclined rope haulage. This is of the balanced 
tvpe and is about 1,370 m. long, having a single track 
with an automatic passby in the centre to enable the 
two cars to pass. It can haul a load of 14 tons at a 
speed of 1-6 m. per sec., or can convey 75 passengers 
at a speed of 2:4 m. per sec. The difference of height 
is 610 m. 

The winch has a 3:2 m. pulley and is driven by 
either of two 165 h.p. slipring motors. 
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NOHAB Turbines. A publication that contains a 
reference list of all the water turbines supplied since 
1847 by Nydqvist & Holm AB, Trollhattan, Sweden, 
has been received. 
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A New Approach to Load Curves 


The author suggests a new method of representing load- 
duration curves which takes into account the variation 
in efficiency with load of the component parts of an 
installation. This final article discusses the optimum 
conditions for sharing the load between two or more 
generating sets, taking no-load losses into account 


By M. KAMAL GOHAR, M.Sc., Ph.D.* 


PART THREE 


N large electric power systems, it often happens 
A that the total demand on the system falls below a 

certain value at which it becomes necessary to dis- 
connect some units, and in the case of thermal 
stations, to bank some boilers. In large power stations 
this usually occurs in more than 70% of the working 
period, corresponding to over 85% of the total output. 
In such circumstances the order in which individual 
units are used and the manner of operating them have 
an important influence on the overall economy of 
generators. 

It will be shown here that operating units at equal 
incremental rates or choosing those having the lower 
incremental rates without taking no-load losses into 
consideration may not always lead to the proper 
solution. The method suggested is reliable and simple 
to apply. A practical example and a comparison with 
the results obtained by other methods will also be 
given. 

Economical load sharing between different generat- 
ing sets has received considerable attention by many 
authors. Most of the quantitative work has deviated 
towards the case in which all units remain in operation; 
without considering smaller loads for which some of 
the units ought to be disconnected. For example, 
Fig. 19 represents the daily load curve for three 
generating sets of maximum powers P;, P2, and P3. 
It can be seen here that during more than 16 hours 
per day only two units are required, and these will 
produce more than 85% of the total output. Thus any 
saving that can be made when some units are out of 
service will lead to a considerable saving in the overall 
effective cost per kWh. 

It is not always possible in practice to achieve the 
theoretical optimum load conditions, especially when 
it would mean frequently changing the load sharing 
between units. To overcome such complications pre- 
vious authors have suggested either that the incre- 
mental rates for relatively small loads should be 
regarded as an average constant value for the whole 
system!, which is not actually the case, or that the 
efficient units should be operated at base loads, while 
the less-efficient ones deal with the peaks.” This is a 
good solution if the most-efficient units remain so for 
all load variations, but it may happen that one unit may 
be more efficient than the others only within a certain 
range of load and less efficient outside this range. This 
point must be taken into account if more accurate 
results are to be obtained. 


* Faculty of Engineering, Cairo University 
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Representation of the Input-Output Curves 

An increase of input power in relation to output 
demand may take different forms as shown in Figs. 
20, 21, and 22. In all such types of variation the relation 
between the input and output demands can be satis- 
factorily represented by the straight lines ab, bc and 
cd, which can be chosen so that the error is less than 
5%. It should be noted that the normal input-output 
relation for a generating unit is not always fixed as it 
may be subject to errors, due to uncontrolled factors 
such as changes in ambient temperature, ageing, etc. 
Also, for a fixed total output the corresponding input 
demand will vary according to the load sharing 
between the generating units. It will have a minimum 
value for a certain load sharing, as shown in Fig. 23, 
where the curve in this vicinity is usually flat, indicating 
that small changes in load sharing from the theoretical 
optimum loadings will not practically affect the 
economy of the system. 


Operation of Two Units 

Suppose that the input-output relations for two 
units | and 2 are represented in Fig. 24 by ajhic; for 
maximum power P;, and agbec2 for maximum power 
Pz respectively, in which: (i) the no-load loss k; 
represented by oa; for unit | is less than the no-load 
loss kg represented by oa for unit 2; (ii) the slopes of 
the straight-line portions of the input-output relations 
increase in the following order: m1, 21, me22, and 
m2, Tepresenting the slopes of abi, azbe, bece and 
bic1 respectively. 

In this case a,b; in Fig. 24 can be expressed by 


Pinpur = Ki + M41(Pourpur)s from zero output to P,,, 
.+- (70) 


Similarly a2b2 can be expressed by 


Pinput = K2 + ™M2;(Poupud, from zero output to P,, 
... (71) 


From the given data, as ke > k; and m2; > my, it is 
evident that for the same output in the given range the 
input from equation (70) is always less than that 
obtained from equation (71). Hence unit 1 should be 
loaded alone at first until the total demand is equal to 
Py, corresponding to an input power 


=k, +my,;P,, eee (72) 
If the total demand is increased by AP, which will be 
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delivered also by unit 1, the total corresponding input 
will be 


=k, +m,,P,, + m,,A4P ... (73) 


If this increase of output AP is delivered by unit 2, the 
total corresponding input will be 
=k, +m,,P,, + m2,AP + k, ... (74) 


Comparing equations (73) and (74); the lower total 
input will depend on the values of me2AP and ke 
+ ma, AP. Equation (73) will give the lower input if 


k, 


—_—_——— ses (99) 
My2— Mg, 


AP < 


The larger the value of ke or the smaller the dif- 
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OUTPUT 
FIG. 27 


OUTPUT 
FIG. 26 


ference between m,, and m,, the greater the value of 
AP to be delivered by unit |. 

It may happen that unit | delivers its total output 
before unit 2 comes into operation. For example 
referring to Fig. 25, which illustrates the required 
operating system in this case, according to oa the 
power output from unit | would be increased regularly 
until it delivers its full power Pi, but for any further 
increase in the demand, the two units must share the 
common load. As the no-load losses will then occur 
for both units, then according to Appendix I they will 
be progressively loaded in accordance with the relative 
slopes of the straight-line portions of their input-output 
relations, which in this case are 71, m21, mee, and mye. 
In other words, when the total power output becomes 
greater than P; unit | will have to deliver only the 
quantity P», represented by dc, while unit 2 will have 
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to deliver the extra power, represented by the ordinates 
between cd and af, until it delivers its full-load value Po, 
corresponding to a total output Pp, + Pe. This is due 
to the fact that the slopes m2, and mez for unit 2 
are both less than the slope »me of unit 1. When the 
total output begins to increase beyond P», + Pe, unit | 
delivers this extra load as represented by line dg, until 
finally unit | delivers its full load, corresponding to a 
total power output of P; + P2. The parts oacdgm and 
acdgn give the required load variations for units | and 
2. Thus from a figure similar to Fig. 25 the necessary 
operating system and load sharing between any two 
units can be easily deduced. e 

The corresponding input power due to this operat- 
ing system is illustrated in Fig. 26, where abc represents 
the input-output relation of unit | up to its full load 
P;. When the total output becomes greater than P; 
unit | will have to deliver only the quantity P»: corre- 
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sponding to an input = 5h), and the input for unit 2 
should be added to that of unit 1 as shown by bdef. It 
should be noticed that our interest here lies in the part 
gf only when the total output ranges from P; to 
Pz + Py», as previously mentioned. When the total 
output is greater than P2 +- P», the extra load will be 
delivered by unit | until the maximum output of the 
system P; + Pz is reached. In this range the total input 
is indicated by the corresponding ordinate of the 
straight line fh, where fh is similar to bc. It should be 
noticed that if the load sharing took place in accor- 
dance with the sequence of the slopes 11, moi, .. . 
etc., only, without taking into consideration the effect of 
the no-load losses, the total input would be given by 
abdefh instead of abcgfh. Also if unit 1 continues to 
deliver its full power P; after point c is reached the 
corresponding total input will be given by abcmnh. 
From these two examples it can be seen how the 
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suggested method can be used satisfactorily to keep the 
total input power to the minimum without practical 
difficulties. 

Sometimes it may happen that there are more than 
two possible ways of loading, for example, the case in 
which the input-output relations for units | and 2 are 
as shown in Fig. 27, where unit 2 would come into 
operation before unit | delivers its full load. A similar 
analysis to the previous example can be carried out here 
also, but according to this analysis the units should be 
loaded in accordance with the slopes of the straight- 
line portions of the input-output relations after taking 
the corresponding no-load losses into consideration. 

Apart from emergencies, the units should not be 
frequently disconnected, and should normally not be 
operated and disconnected more than once a day. 


Operation of Three or More Units 
This system of operation can be easily adapted for 

more than two units. Let us take the case of the three 
units the input-output relations of which are shown in 
Fig. 28, where the no-load losses 0a), 0a3, 0a2, and the 
slopes of the input-output straight-line parts increase 
in the following order: azb2, aibi, a3b3, bece, bic; and 
b3cs. Although the slope of a;; for unit 1 is not the 
minimum one, yet due to its relatively small no-load 
losses oa; unit | will give the minimum input for 
relatively small loads. Thus in the first stage, unit | 
will be loaded alone until an output P», is reached, as 
represented in Figs. 28 and 29. In the second stage, 
when the total output becomes greater than P»,, we have 
to consider three alternatives: 

(i) Unit | supplies the further excess load correspond- 
ing to the relation 5c; in Fig. 28 or 29. 

(ii) Unit 2 supplies the excess load, and the power 
input in this range will be given by bia2b2 in Fig. 29 
where b,a2b2 represents oazbe of Fig. 28. 
(iii) Unit 3 supplies the excess load, and the power 
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input in this range will be given by bja3b3 in Fig. 29 
where 5,a3b3 represents oas3b3 of Fig. 28. 

The total effects of both the slopes of the straight- 
line portions of the input-output relations of the units 
together with the corresponding no-load losses can be 
determined directly in this range from Fig. 29, where 
it can be seen that, up to an output of P’;, unit | alone 
will give the minimum possible input. If the total 
output begins to exceed this value, units | and 2 would 
share the common load in such a way that unit | 
delivers only Py, while unit 2 delivers the extra power 
until the total output is Pp, + Pp2. This is illustrated 
in Fig. 30 where oa gives the required output for unit | 
until its output = P’), after which it will deliver a con- 
stant output P»,, represented by the horizontal line bc. 
The corresponding ordinate between bc and ae will 
represent the extra power required to be delivered by 
unit 2 up to a total output of Pp, + Pro. 

Similarly in the third stage, when the total output 
becomes greater than P», + Poe, three cases should be 
considered: 

(i) Unit | delivers the extra load corresponding to the 
relation 4;c; in Fig. 28. 

(ii) Unit 2 delivers the extra load corresponding to 
the relation bece in Fig. 28. 
(iii) Unit 3 delivers the extra load corresponding to 
the relation oa3b3 in Fig. 28. 

Case (ii) will predominate here and unit 3 will not 
come into operation. The horizontal line bc in Fig. 30 
should be produced to point d where hd represents Pe. 

In the fourth step when the total output becomes 
greater than Pp; + Pe (unit 2 is now fully loaded) we 
have to compare two cases only: 

(i) Unit 1 delivers the extra load corresponding to 
the relation 4c; in Fig. 28. 
(ii) Unit 3 delivers the extra load corresponding to 
to the relation oaabe in Fig. 28. 
For this example case (i) will predominate and unit 3 
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would not come into operation until unit | delivers its 
full load also. This is represented in Fig. 30 by the line 
df parallel to oaeg, which means that in this range unit 
2 delivers the constant full power P2 represented by 
the ordinate ce or fg, while unit 1 delivers the extra 
load until the total demand = P; + Pe. For a total 
output greater than this value, the extra power would 
be delivered by unit 3 corresponding to the ordinate 
between the horizontal line gh and line gn. The 
required load variations for units 1, 2 and 3 in this 
example are represented in Fig. 30 by oabdfmk, 
abdfmhg and ghn respectively. 


Practical Applications 

Fig. 32 represents the input-output relations for 
four generating units as given by B. G. A. Skrotzki.! 
Following the operating system as suggested here, 
the required load sharing and load variation for the 
generating units A, B, C and D are shown in Fig. 31, 
where oabcdts, abcdtne, efghkn and fghkm correspond 
to units A, D, B and C respectively. For a total output 
of 305 MW, for example, Fig. 31 shows that the 
required load sharing in this case would be as 
follows:— Unit A generates 60 MW, unit B 32 MW, 
unit C 53 MW; unit D 160 MW, corresponding to a 
total input power of about 2739-4 units as 
against 3426-5 units of input power as given in page 
279 of reference (1) when the effect of the no-load losses 
was not taken into account. The load sharing between 
the four units was given as follows: Unit A delivers 
45 MW, unit B 70 MW, unit C 70 MW, and unit D 
120 MW. Thus, by the analysis suggested here about 
20% of the input power could be saved. 


APPENDIX I 


Considering the input-output relations of units 1 and 
2 as represented in Fig. 24, let us take the case in which 
the total power demand P is greater than a certain 


value which requires the sharing of the two units and 
hence the no-load losses of both units are included in 
the total power input. 

According to Fig. 33, a,bic, represents the input- 
output relation of unit | with o as origin; 00’ and oy 
are the positive directions for its output and input 
powers respectively. Point o’ is chosen such that oo’ 
represents the total output demand P. The line a2bece 
represents the input-output relation of unit 2 with o’ 
as origin, and its corresponding positive directions for 
the output and input powers will be o’o and o’y’ 
respectively. If unit 1 is loaded to P», while unit 2 is 
loaded to P — P»,, the total input will be represented 
by 5m, corresponding to an output P delivered by the 
two units. Similarly if unit 2 is loaded to Py, while 
unit 1 is loaded to P — Pye, the corresponding total 
input for the same total output P is represented by 
bon. In the first case, the total input power, represented 
by bym will be the minimum possible value according 
to the sequence of the slopes that are depicteu 
in Fig. 24. 

If the output-input relation of unit 2 is changed, for 
example, to a2bec’s, where the slope of bec’ is greater 
than that of b:c;, the minimum possible input power 
here will be represented by ben when unit 2 delivers 
P», and unit | delivers P — Po. By a similar procedure 
it can be shown that so long as all no-load losses are 
included, the minimum input will be obtained by 
progressively loading the units in the order of the 
relative slopes of the straight-line portions of their 
input-output relations. 
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Film on Pipeline Protection 

An excellent coloured film on the protection of 
pipelines against corrosion has been sponsored by 
Wailes Dove Bitumastic Limited, Hebburn, Co. Dur- 
ham. The film simply explains the mechanism of cor- 
rosion and gives an impression oi the extensive 
laboratory work involved in the development and per- 
fecting of the “Bitumastic” enamels that are the 
speciality of this firm. The application of these 
enamels to pipes of all kinds and sizes is depicted 
both at the works and on site. At the Hebburn works 
a fully mechanised plant is in service for the hot- 
application of these enamels and for wrapping the 
pipes with coal-tar-saturated asbestos pipeline felt, 
Kraft paper, or spun-glass fibre wrap. For site work 
the same processes are carried out by a portable ver- 
sion of this plant, and examples are shown ranging 
from the Middle-East desert to the snow-covered 
Canadian prairie. The installations shown in the film 
are concerned mainly with the oil, gas, water, and 
chemical industries, but the same methods could be 
applied equally well to pipes for penstocks. For situa- 
tions where protection has to be applied to pipes in 
situ, a series of cold-applied enamels is available. 


Welded Tubular Shafts for Vertical Water Turbines. 
We regret that in this article by Gunnar Englesson, 
published in our May 1961 issue, a number of errors 
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occurred. The corrections are as follows: On page 195, 
the figure 1,285 in the nomenclature should read 
1-285; on page 196, the last expression in equation (4) 
should be one = 
(20) should be M,; and on page 199, in Table II, the 
figures 17:5 should read 14:5. 





@; on page 197, m, in equation 





Bulletin Technique Vevey. Ateliers de Constructions 
Mécaniques de Vevey S.A., Vevey, Switzerland, have 
sent us a copy of their annual Bulletin Technique for 
1960, which is the twentieth year of publication. This 
publication, which is in French, is a handsome maga- 
zine describing the company’s achievements in the 
field of hydraulic turbines. The turbine test facilities 
in the company’s laboratory are described by J. Ort- 
lieb, after which an introductory article by B. Borto- 
lotti leads to separate contributions on Kaplan, 
Francis and Pelton turbines and on turbine govern- 
ing gear by E. Schobinger, J. E. Graeser, K. Roth, and 
E. Moret respectively. Recent important installations 
referred to and _ illustrated include Edéa Il 
(Cameroons), Ayamé (Ivory Coast), Serre-Poncon 
(France), Miranda (Portugal), and Ponte Brolla, 
Erlenbach and Soazza (Switzerland). An article on 
recuperation turbines used in plant for purifying 
natural gas is contributed by P. Lutz. 
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Fig. 11. Pian Pali dam seen from downstream 


Concrete-Block Dams for Highly 


Compressible Foundations 


A new type of dam is described, which was conceived and 

patented by the writer and is suitable for highly or unevenly 

compressible foundations. The structure consisis of lean con- 

crete blocks arranged in columns with intervening joints filled 

with gravel; the low ratio of voids (1 % ) thus obtained enables 

steep slopes to be used for the facings and the width of 
foundations to be reduced 


By DR. CLAUDIO MARCELLO* 


PART TWO 


The Pian Pala Dam7 
HE Pian Palu dam (Figs. 11, 12, 13a-c, and 14), 
built in the years 1955 to 1959, creates a reservoir 
that is included in the system of hydro-electric 
plants of the Noce Valley (in the basin of the River 
Adige, Province of Trento), owned by the Edison 
Group. Milano. At present the system has an overall 
installed capacity amounting to over 230 MW. 
The Pian Palu reservoir is located at El. 1.800-00 m 


* Consulting Engineer, and Director of the Hydro-Electric Construction 
Department of the Edison Group, Milan 
supervision for this dam were provided by 


t Design and construction 
of the Edison Group 


the Hydro-Electric Construction Department 
under the management of the writer 
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and is one of the head reservoirs of the system. Its 
live storage capacity of 15-5 million m° is utilised for 
regulation of the power output available from the 
plants. The storage capacity was obtained partly by 
the dam and partly by removal of the alluvial deposits 
that filled the ancient lake at the bottom of the basin. 
The alluvial material was washed away by means of 
water jets and discharged through a gallery, which 
was later used as a bottom outlet. 

The dam is built in a wide glacial gorge carved in 
schists and quartziferous phyllites, with a rock reef 
some 200 m downstream from the site at approxi- 
mately El. 1,710-00 m. The glacial basin had been 
filled by alluvial material, on which repeated rock 


WATER POWER July 196] 





4OATY AION AY] UO WuDp Nog uvig fo uv, 1 NOKD] JOsaUaD *Z] *814 








~\_ div9 01 SS320V |- 


el a 


>~ cay 


PLT 7 any << 
Yrs », SSeS Uy ~ 
A — eo 

Y)//; RRS aN 
Se / //,f yy 
My Ee. 
7 Wy ~* 
DY Sy ~ 
I >> 


ssi =Mips ‘ 




























<< 


(Z 















in ‘85878 \ 
ONY TINWNL NOISWIAG 
Me, —, 
7] 
C77) 
C7 ~ 
Oe; si 
18 eo: 
é : a se —— Tse Ts 0 as 
0201 7+ 4 ~eaieenac . MK 
VT13WNO VOTH OL GvoH nein — “" Wa) gy ~ 
—— a hr, an \ AN IMs Fig bli 
— ee -3 XY as ’ 
err, —— ee _ = veal ll 
— ~ 060 — — , 





a 
ro) 
N 


1961 


R POWER July 


WATE 





slides, falling in subsequent stages 
from the left side of the valley, 
heaped up and displaced the bot- 
tom alluvium towards the right 
bank. The rock reef was also 
covered with landslide material; 
the schist and phyllites were left 
uncovered only on the right bank. 

rhe dam was built to a straight 
alignment, and terminated with a 
gravity shoulder on the right 
bank. The dam crest is set at El. 
1,802-50 m with maximum stor- 
age level at El. 1,800-00 m (maxi- 
mum flood 1,801-00 m). The con- 
crete-block structure consists of 
a range of 25 buttresses rising to 
a maximum height of 52:50 m 
above foundations. The developed 
length of the dam crest is 181-50 
m. The volume of concrete poured 
in the dam body is 100,000 m*. 

The difficult geological condi- 
tions made it advisable to carry 
out the work in a series of stages 
(as shown in Fig. 13), adjusting 
the consiruction of each stage in 
accordance with the results ob- 
tained with the previous ones. In 
the intermediate stages the 
columns of blocks were built to 
the slopes proper to the completed 
dam. Owing to the type of struc- 
ture it was easy to limit the num- 
ber of blocks poured to the 
amount required for the stability 
of the dam during each stage. A 
satisfactory proportion was thus 
obtained between the volume of 
concrete and the volume of water 
storage in the reservoir. 

The reservoir outlets are: 

A spillway on top of the 
solid gravity wing, including a 
6-m wide sill controlled by a 
2-m high automatic flap gate 
with its top at the level of maxi- 
mum storage, and a 12-m long 
lateral free-overflow sill at the 
same level. The spillway dis- 
charges into a sloping tunnel 
about 60 m in length, convey- 
ing the water back to the river 
channel. 

An intermediate outlet utilis- 
ing the diversion tunnel used 
during construction of the dam. 
The tunnel has a diameter of 
3:60 m with its inlet at El. 
1,754:50 m and is about 180 m 
long; it is controlled by two 
sluice gates installed in series, 
with oil-pressure operation. 

A bottom outlet, consisting 
of the tunnel used during con- 
struction for scouring away the 
lake alluvium. The tunnel has 
a diameter of 1:90 m with 
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LEFT BANK 


RIGHT BANK 


15.00 


14.50 


TOTAL CREST LENGHT (STAGE I B) 181.50 m 
CONCRETE CUBES STRUCTURE 103.00 m 


AUTOMATIC FLAP GATE 6.00x2.00m 


SDLID GRAVITY WING 66.12m 
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Fig. 13a. Pian Pali dam: longitudinal section through reference axis 
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ms COMMON BLOCKS : 150 Kg OF FERRIC-POZZOLANIC CEMENT PER cu. m OF CONCRETE - R= 500 Kg/sq.cm 

FOUNDATION BLOCKS: 170 Kg OF FERRIC-POZZOLANIC CEMENT PER cu. m OF CONCRETE ~R=500 Kg /sq. cm 

BLOCKS ENCLOSING GALLERIES . 208 Mq OF FERRIC -POZZOLANIC CEMENT PER cu. m OF CONCRETE - R=500 Kg /sq. cm 
MSS REINFORCED SLABS UNDER GALLERIES: 250 Kg OF FERRIC-POZZOLANIC CEMEHT PER cu.m OF CONCRETE ~ R= 500 Kg /sq. cm 


pe] BASE WALLS : 250 Kg OF FERRIC POZZDLANIC CEMENT PER cu.m OF CONCRETE - R=500 Kg/sq.cm 


RQgq CUTOFF : 350 Ko OF FERRIC- POZZOLANIC CEMENT PER cu.m OF CONCRETE - R= 500 Kg/sq tm 


Fig. 13b. Typical cross section through Pian Palu dam 





its inlet at El. 1,734-50 m, is 337 m long, and is 

controlled by two oil-pressure-operated sluice gates 

mounted in series. 

With the water level at El. 1,800-00 m, these outlets 
provide an aggregate discharge capacity of 210 m*/sec. 

In the central portion of the river channel and on 
the left bank a deep concrete cut-off was driven 
through vertical shafts and horizontal galleries, keyed 
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into the impervious alluvial deposits and slide material 
that cover the rock over this area. The total volume 
of concrete used for the cut-off was 17,000 m*. On 
the right bank, along the contact line between the 
structure, the cut-off and the rock, foundation water- 
proofing and rock-to-concrete bond were ensured by 
grouting with cement mortar under high pressure. The 
left bank and central portions of the cut-off were 


271 





7 








grouted with cement-ben- ins 
tonite mixes or a cement r 

mortar with special addi- 
tives, using different pro- 
portioning and pressures 
depending on the grain- 
size characteristics and the 
permeability of the layers 





EXPLORATORY GALLERY 


GROUTING GALLERY 
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crossed. . 
In this area, under the a © 

foundations of the dam, a / 

drainage system was also N/KA) e 

provided, with inverted X/ 

filters and collecting gut- 

ters. Similar drains with a 

inverted filters were also 

installed along the lower 8 

perimeter of the concrete = 

cut-off and in the down- e 2 

stream walis of several cut- 8 


off galleries. 
The El Frayle Dam* = ave =X ee 
The El Frayle reservoir 
in Peru (Figs. 15, 16, and 
17), built on the Rio 
Blanco, on behalf of Minis- 
terio de Fomento y Obras 
Publicas, at El. 4,010-00 


1+. 
t 


—— 3 











ake) Ss | 
m, has a storage capacity a3 a! 5) \ 
of 200 million m’. It will se @ = Sh 
provide seasonal regula- Se b 
tion of the run-off for irri- © hl. |. Ey, 
gation of the agricultural ae Bt el Ls 
plains in the Arequipa dis- sy 3) 3 «| 
trict over a total area of iE oo Ne i 2 
about 15,000 ha. a | » 
The reservoir is created oe ® = - z 
by two dams; the main one = 3) = ait . 
consists of a thin arch with a fi) __ 3 3 
maximum height of 74 m, fi’ 5 
and the subsidiary one, ly es 
| 
in the basin about | km | f z 


from the main dam, is des- 
cribed below. Owing to the 
wide extension of the reser- 
voir, this secondary dam, 
despite its moderate height, 
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which closes a lateral gap 
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Fig. 13c. Pian Pali dam: loxgitudinal section developed alone the axis of the cut-off wall 





The rock in the lateral 
saddle is volcanic tuff with 
horizontal scarcely  co- 
herent stratifications, which 
leads one to expect that : 
even a structure of moder- — ss %s * 
ate size would be subjected ; z 
to substantial settlements. 


* The dam was designed by the 
Hydro-Electric Construction De- 
partment of the Edison Group, 
under the management of the 
writer. 
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provides large additional z P| 
storage. ,o » 
Construction work was $e -/s| 5 
started in 1956 and the + one | 
project was completed by m= fi =a| 
1958. The conttete-block = tt aw 
dam was built by 1957. = j >< 


owner 
BOTTOM 





RIGHT BANK 
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Pian Pali dam during the second stage, show ing the staggered blocks for continuation of pours in the 
subsequent stage 
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e/a / \ 


Fig. 15. General view of El Frayle dam from the left bank 
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Fig. 17. El Frayle dam from upstream 


The concrete-block structure consists of 50 buttres- 
ses ranged side by side along a crest profile angular 
in plan. This arrangement was chosen to take the best 
advantage of the topographical features of the saddle. 
The dam crest is at El. 4,013-00 m and has a de- 
veloped length of 226 m. The maximum height of the 
structure above the foundation is 23 m, and the con- 
crete volume is 28,000 m*. 

Owing to the moderate height of this structure, a 
slight alteration of the slope of the upstream and 
downstream facings as compared with the typical pat- 


A New Service for Engineering Laboratories 


Engineering Laboratory Equipment Limited, 258 
Ealing Road, Alperion, Wembley, England, has 
been formed jointly by Soil Mechanics Limited (a 
member of the Mowlem group of companies) and 
Griffin & George Limited to provide a comprehensive 
service at home and overseas in connection with en- 
gineering laboratories. The experience of both parent 
organisations will be combined to provide for the de- 
sign, construction and furnishing of engineering 
laboratories. and the manufacture and supply of all 
the necessary testing apparatus and equipment. The 
new company states that the equipment supplied will 
be of the most modern design available: it will meet 
the needs of both research and general commercial 
practice, and will normally be available from stock. 
Where the design, building and equipping of a new 
laboratory is undertaken, the services of Soil 
Mechanics Limited and its associates can be made 
available to assist in establishing laboratory pro- 
cedures, the training of selected staff. and the pro- 
vision of laboratory test pro formas related to the 
needs of a particular laboratory. In addition site and 
mobile laboratories can be supplied for building and 
civil-engineering contractors and public authorities, 


WATER POWER July 1961 


tern was deemed advisable; for the upstream facing 
a slope of 0:60 was adopted, whereas the downstream 
slope was 0:2171 from top to El. 4,001-30, and 0°60 
from this point to the bottom. 

The foundation rock was grouted throughout the 
base line for waterproofing and consolidation. On 
the upstream side, a clay blanket was laid covering 
a maximum distance of 50 m from the dam heel 
further to guarantee watertightness and to mini- 
mise possible uplift pressures in the dam founda- 
tions. 


Hydrology in the United Kingdom. The Hydrology 
Sub-Committee of the British National Committee for 
Geodesy and Geophysics has published a Report on 
Hydrological Activity in the United Kingdom, which 
it is hoped will satisfy the many enquiries received by 
the Royal Society about recent and current hydro- 
logical work. The report gives details of the many 
organisations, societies, institutions, and authorities 
who are engaged in hydrological research. The scope 
of the activities is also outlined under the main head- 
ings of precipitation, evaporation, surface water, ice, 
soil water, ground water, water balance, and chemis- 
try of natural waters. From these descriptions it is 
quite apparent that a considerable volume of prac- 
tical research work is being undertaken in various 
parts of the country, and this report is a valuable 
guide to that work. The report is to be published in 
the Bulletin of the International Association of Scien- 
tific Hydrology (Secretary: L. J. Tison, 61 rue des 
Ronces, Gentbrugge, Belgium), and a limited number 
of copies are also available from the Assistant Secre- 
tary. The Royal Society. Burlington House, London, 
W.1. The Royal Society is also preparing a selected 
bibliography of hydrological publications in the 
United Kingdom for the years 1955-59, and copies 
can be obtained from the Assistant Secretary, 
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Fig. 8. Amma station, the uppermost on the Ema River 


Power from the Oulu 


This second article describes the stations on the Ema River, 

which forms one of the upper watercourses in the Oulu 

catchment. The Oulu—one of the most important rivers in 

the north of Finland — will have an aggregate installed 

capacity of 530 MW and an average annual output of 
2,750 GWh 


PART 


system consists essentially of two upper courses 

—the Hyrynsalmi, flowing from the north-east, 
and the Sotkamo from the east—discharging to Lake 
Oulu, which is roughly central and from which the 
main Oulu watercourse flows to the Gulf of Bothnia. 
In the Hyrynsalmi system the main watercourse is 
known as the Emi River, and in this article we pro- 
pose to describe the stations—built, building or pro- 
jected—on this river. 


WSs have already explained that the Oulu river 


Amma Station 

Ammi is the first of the four stations on the Ema 
River, and is close to the outlet from Lake Kianta. 
At this point the catchment area is 3,450 sq. km., the 
maximum natural flood flow 288 cu. m. per sec. and 
the minimum flow 10-3 cu. m. per sec. The station has 
a single turbine, with a rated discharge of 110 cu. m. 
per sec., and a single-pass spillway is capable of dis- 
charging the balance of a maximum flood. 

Views of the station appear in Figs. 8, 10, and 11, 
and a section is given in Fig. 9a. 

A headrace channel, 800 m. long, connects the sta- 
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tion with Lake Kianta. For the most part it follows 
the old river bed, but it entailed the removal of 
118,000 cu. m. of earth and 42,500 cu. m. of rock. The 
earth overburden was about 4 m. thick, and after this 
had been removed Joy wagon drills with 4 in. bits put 
down the necessary blast holes, which were fired with 
millisecond detonators. 

A tailrace channel, 300 m. long, 15 m. wide and 8-5 
m. deep, leads to the old river bed and involved the 
excavation of 19,000 cu. m. of earth and 44,000 cu. m. 
of rock. Below this point the river bed has been 
dredged for a distance of 1,800 km., some 216,500 
cu. m. of material having been removed. 

The station is located on the east bank of the river, 
and it was possible to build it in the dry while the 
river remained in its original bed. 

The dam is a normal concrete structure with earth- 
fill wings. A long chute is disposed immediately to the 
left of the power house, looking downstream, but this 
is of a temporary character and will be superseded 
by a jib crane handling log bundles. The floating in- 
take funnel for the chute was supplied by Raahe Oy, 
Raahe. 
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Fig. 10. Ammé machine hall, at exciter-floor level, housing a 14-MW Tampella/Stromberg vertical Kaplan set 


To the left of the log chute is the spillway which is 
10 m. wide and 6:5 m. deep from maximum water 
level. It is controlled by a Tampella tainter gate, which 
is equipped with electric heating elements behind the 
curved shell and in the side slots to prevent freezing 
up in winter. The spillway discharge flows down a 
separate channel, which joins the tailrace channel 
scme 50 m. downstream of the station and required 
the blasting of 7,500 cu. m. of rock. 

Ammii station is a good example of present trends 
—civil, mechanical and- elec- 
trical—in Finnish power-sta- 
tion design. The section, Fig. 
9a, reveals that the layout is 
compact and tends to eco- 
nomy in_ construction. ~A 
divided intake leads to a con- 
crete spiral, and in order to 
keep this intake as short as 
possible the sector gate found 
in many Scandinavian sta- 
tions is replaced by a pair of 
fixed-roller sluice gates, one 
for each half of the intake. 
These gates are 6 m. wide by 
10 m. high, and were supplied 
by Tampella Engineering 
Works, Tampere. The mouth 
of the draft tube is provided 
with grooves for a Tampella 
gate, and by inclining these 
grooves it has been possible 
to avoid extending the build- 
ing structure to the end of the 
draft tube. 


- 
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The offices and the various service rooms are 
arranged in three floors along the downstream wall of 
the machine hall, the control room being on the 
ground floor, the battery room on the first, and the 
carrier-current and other telephone equipment on the 
second. 

To afford protection against cold weather, the 
power-station walls consist of an inner concrete shell, 
a 10 cm. cavity packed with mineral wool, and an 
outer lining of asbestos sheet, 1 cm. thick. 





Fig. 11. Runner_of the Tampella_J6,500-20,000 h.p. turbine 
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Fig. 12. Aittokoski station under construction, showing the spillway structure, draft-tube-tunnel portal, and 
tailrace channel 


The machine hall is served by a 90 ton crane sup- 
plied by Kone Oy, Helsinki, and houses a vertical 
Kaplan generating set. The turbine was buill by Tam- 
pella Engineering Works, and has been designed to 
develop 16,500 h.p. at 125 r.p.m. at a head of 12-5 m.; 
its maximum output is 20,000 h.p. at a head of 16 
m. It has a four-bladed runner, the servomotor being 
in the runner hub and moving the blades through 
links. The thrust bearing is mounted on the turbine 





Fig. 13. View of the completed Aittokoski station 
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head cover—a position which is easily accessible, helps 
to reduce the overall height of the set, and is a more 
economical construction than associating this bear- 
ing with the generator. Below the thrust bearing is 
the turbine guide bearing, the other guide bearing be- 
ing immediately below the generator rotor and con- 
tained partly within the generator frame. 

The generator was built by Oy Stromberg Ab, and 
is rated at 14 MW, the generating voltage being 7:5 
kV. The exciter is contained 
within the frame of the main 
generator and is located imme- 
diately above the generator 
rotor. Above the exciter are 
the permanent-magnet gover- 
nor generator and the combina- 
tor gear, these being the only 
parts above machine-hal!l floor 
level. 

In the yard near the power 
station are the main step-up 
transformer and a step-down 
transformer for station and 
local supplies, both units being 
of Stromberg manufacture. The 
main transformer is a three- 
phase unit rated at 15 MVA 
and stepping up from 7:5 kV 
to 121 kV, the line voltage 
being nominally 110 kV. The 
step-down transformer unit 
provides supplies at 380 and 
220 V. 

On a plateau on the right 
bank a little way downstream 
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Fig. 14. Aittokoski earth dam at an early stage of construction. A view of a later stage was published 
last month 


from the station is the outdoor switchyard, the chief 
item of equipment being the main high-voltage cir- 
cuit breaker. This is of the air-blast type of 3,000 
MVA rupturing capacity build by Laut Knudsen of 
Copenhagen. 

The control room inside the power station was 
equipped by Brown-Boveri, who also supplied their 
latest type of voltage-regulating apparatus. 

Seven wooden private houses have been built near 
the station for the operating personnel, as well as 
brick-built quarters for the maintenance staff and the 
janitor. At the edge of the tailrace is a log-built sauna 
bath for the chief engineer—a 
convenience without which no 
Finnish establishment is com- 
plete. 


Aittokoski Station 

Aittokoski station, 7 km. 
below Ammi, came into ser- 
vice in June, 1960. The power 
house is of the semi-under- 
ground type: it is situated to 
the left of the river bed and 
is succeeded by a tailrace chan- 
nel which joins the river below 
the rapids at a point 2-1 km. 
downstream. 

Between the power house 
and the river bed are a log 
chute, which discharges to the 
tailrace channel, and a concrete 
spillway, the discharge channel 
from which is cut partly in the 
rocky flank of the river and 
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partly in the river bed itself. The river bed is sealed 
oif by one of the largest earth and rock dams in Fin- 
land, and enclosure of the reservoir is completed by 
a further earth and rock embankment to the left of 
the power house. The power-house intake forms part 
of the concrete structure embracing the log chute and 
spillway. Thus, no intake channel has been needed 
beyond deepening the approach to the intake struc- 
ture. 

This layout made it possible to excavate the power 
house, tailrace channel and spillway channel in the 
dry, and to construct the spillway, while the river fol- 


a 


Fig. 15. Aittokoski switchyard in service 
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lowed its natural bed. The spillway, seen under con- 
struction in Fig. 14, is 10 m. wide and is closed by a 
tainter gate built by Raahe Oy, who also supplied 
the floating funnel for the log chute. A stilling basin 
is disposed below the spillway. Advantage was taken 
of the spillway channel to divert the river to enable 
the earth dam to be constructed, and for this purpose 
two temporary bottom openings, each 4-5 m. wide 
by 4:6 m. high, were left in the base of the spillway, as 
seen in the section, Fig. 9d. When the dam had been 
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machine is amply justified. 

A section through the power house is given in Fig. 
9c, from which it will be seen that the only parts of the 
station above the natural ground level are the intake 
structure and the upper portion of the machine hall. 
The main body of the station was cut out of the rock, 
and the draft tube forms a short tunnel. The mean 
head of 28:7 m. is the highest of all the stations in 
the catchment except Pyhikoski, and the short, 
straight intake which we found at Amma has been 
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Fig. 16. Marion 7400 walking dragline with 8 cu yard bucket dredging the river below Aittokoski power station 


completed, these openings were closed by removable 
concrete stoplogs, thus enabling the reservoir to be 
emptied should it ever become necessary. 

Views of the earth dam during construction appear 
in Fig. 3 (published in our previous issue) and in Fig. 
14. The dam contains about 400,000 cu. m. of material 
and is 30 m. high above lowest foundation. It is 
founded partly on rock and partly on an impervious 
glacial till, but over a length of about 60 m. it was 
necessary to put down a cut-off wall by the ICOS- 
Veder system. The dam itself has an impervious core 
of glacial till flanked on either side by a filter zone; 
on the downstream side this filter extends under the 
dam to form a blanket. The remainder of the section 
is completed by rock spoil derived from blasting the 
tailrace channel. 

The earth dam on the eastern side of the intake 
structure is generally similar to that just described, 
but has a volume of 175,000 cu. m. 

The tailrace channel has a section of 200 sq. m. 
and involved the removal of 100,000 cu. m. of earth 
and 400,000 cu. m. of rock. From the point at which 
the channel joins the river, the river bed is having to 
be dredged for a distance of 14 km. to provide an 
adequate waterway in the virtually flat terrain. A 
Marion 7400 walking dragline (Fig. 16) with an 8 cu. 
yard bucket is being used for this purpose. Indeed, 
water-power development in Finland is calling for so 
much work of this character that the cost of this giant 
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replaced by a short rectangular penstock. To econo- 
mise in excavation and concreting, the penstock has 
been made vertical, and its front wall forms one side 
of the machine hall. With this construction a tainter 
gate has been used instead of a sluice gate, as it does 
not involve any increase in the size of the intake struc- 
ture. Economy in construction has also been sought 
by placing the draft-tube shut-off gate in the throat 
of the draft tube and arranging for it to be raised and 
lowered by the station crane. Both the tainter gate and 
the draft-tube gate were constructed by Valmet Oy of 
Jyvaskyla. It will be interesting to compare the de- 
sign of this station with that of the earliest Oulujoki 
station—Pyhikoski—which will be described in our 
final article. 

Aittokoski station has been designed on the basis 
of a mean flow of 62 cu. m. per sec., a rated discharge 
of 150 cu. m. per sec., and a mean head of 28-7 m. 
It contains a single 37 MW generating set, which can 
produce 130 GWh in an average year. 

The turbine is a vertical Kaplan machine built by 
Tampella Engineering Works, and develops 46,900 
h.p. at 143 r.p.m. and at a head of 25-75 m. At a maxi- 
mum head of 30:0 m. it can develop 51,500 h.p. The 
generator has been supplied by Oy Strémberg Ab., 
who also built the 42 MVA 10-5/121 kV main trans- 
former. Two Kone cranes serve the machine hall, each 
having 100 ton, 30 ton and 10 ton hooks. 

Three houses of timber construction have been 
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Fig. 17. Seitenoikea station under construction 


built to accommodate the operating personnel and 
their families. 


Seitenoikea Station 

The Seitenoikea development, 45 km. downstream 
from Aittokoski, is now in course of construction and 
should be brought into operation in the early sum- 
mer of 1961. Its general layout is so similar to that of 
Aittokoski that it will suffice to mention the points of 
difference. The earth dams on either side of the spill- 
way and intake structure have a combined volume 
of 350,000 cu. m. and extend 600-700 m. In addition, 
side embankments, with a total length of about 300 
m., are necessary. 

The tailrace channel, which is 20 m. wide by 8-5 m. 
deep, is only 400 m. long but will be succeeded by 
6 km. of dredging, which is being carried out by 
a Bucyrus-Erie 200 W walking dragline with a 4 cu. 
yard bucket. 

The single generating set has been designed to 
develop 29 MW at a rated discharge of 160 cu. m. per 
sec. under a mean head of 21:2 m., and consists of a 
Tampella 40,000 h.p. Kaplan turbine coupled to a 
Str6mberg generator. 

Reference to the section through the station, Fig. 
9b, shows the latest application of design techniques 
to obtain an economical structure which nevertheless 
presents an efficient hydraulic circuit. Inspection of 
this drawing also reveals the influence of the head, 
which is intermediate between those of Amma and of 
Aittokoski. In the present instance a straight but in- 
clined intake passage leads directly to the concrete 
spiral casing. Fixed-roller sluice gates are provided 
for both the intake and the draft tube, the operating 
winches being in the open. 

The concrete spillway is 14 m. wide and is con- 
trolled by a tainter gate supplied by F. W. Hollming 
Oy, of Rauma. Two temporary bottom openings for 
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river diversion purposes have been provided as at 
Aittokoski, but in this case they are 6-25 m. wide and 
7 m. high. 

Seitenoikea will form the commencement of a 220 
kV line to Nuojua, Pyhakoski and the south, and the 
main transformer, of Strémberg manufacture, will 
not only handle the output from the adjacent station 
but will also step up the power brought down-river at 
110 kV from Amma and Aittokoski. A three-winding 
unit is therefore being installed, corresponding to 
veltages of 10-5, 121 and 242 kV and having respec- 
tive ratings of 34, 166 and 100 MVA. 


Leppikoski Station 

As already stated, the choice of final plans for 
Leppikoski station—yet to be built—will rest with 
Kajaani Oy, but Oulujoki Oy have drawn up pre- 
liminary plans for consideration. According to these 
plans the station will be designed for a rated dis- 
charge of 180 cu. m. per sec. at a head of 11-05—13-75 
m., which will serve a 20 MW vertical Kaplan set. A 
site has been suggested where rock outcrops will pro- 
vide satisfactory foundations, and the site layout will 
be generally similar to those of Aittokoski and 
Scitenoikea. The main quantities concerned are as 
follows:— 

Headrace : cu. m. 


Excavated earth 80,000 

Blasted rock 16,000 
lailrace: 

Excavated earth 50.000 

Blasted rock rd 18,000 
Upstream dredging .. 90,000 
Downstream dredging 1,360,000 
Concrete structures .. 17,000 
Earth dams 160,000 


In our next two articles we shall briefly describe 
the stations on the Oulu main watercourse. 
(To be continued) 
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Cableway Tower 


Transported by Road 


A major road-haulage job, believed to be the big- 
gest yet undertaken in the country, was carried out 
recently by the New Zealand Ministry of Works, when 
it transported the first of two large cableway towers 
through 20 miles of difficult country between the 
hydro-electric stations of Ohakuri 
and Aratiatia in North Island. hh 
the past these towers had been | 
dismantled before being trans- 
ported from one power-station 
construction site to another. Each 
tower is 98 ft high and weighs 63 
tons. In addition, there were coun- 
terweights (used to lower the 
centre of gravity) which weighed 
13 tons, a trailer and traction unit 
weighing 32 tons, stabilising gear 
(7 tons), and spare wheels, light- 
ing plant, and other equipment, 
which brought the total load to 
be moved to 117 tons. The length 
of the trailer and traction unit was 
81 ft 6 in, and its overall width 
was 47 ft. 

In the early stages of the haul 
it was found necessary to couple 
up two extra Leyland traction 
units to the haul for hill climbing. 
[hese brought the length of the 
entire train to 145 ft and the 
weight to 154 tons. With trailer, 
traction unit and stabilisers, 66 
wheels were employed in the 
train, and with the two extra trac- 
tion units there were 82 wheels in 
use. The stabilising gear was in 
the form of two eight-wheeled 
bogies, one each side of the trans- 
porter. Each had a _ hydraulic 
cylinder attached under the mast 
to reduce sway, and either side 
could be locked solid to prevent 
the mast from rolling over, if it 
threatened to exceed an angle of 
five degrees from the vertical. 

Two days were required for 
loading, and on the first day of 
the journey, the load struck un- 
even ground, which caused the 
tyres on the right bogie to be flattened, although they 
held a pressure of 200 Ib/in* each. The hydraulic 
gear held the tower erect and several hours of jacking 
were required to free the train, which was then able 
to proceed at a speed of 2-5 m.p.h. 

The Transport Department provided scout cars at 
the front and rear, Post Office and Power Board teams 
removed obstructing lines, a pilot vehicle with a loud- 
speaker and radio was in constant touch with the engi- 
neers on the trailer, and a man was detailed to each 
side of the transporter to walk the whole way and 
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keep watch for punctures and oil leaks. A special 
road 300 yards long had to be constructed near 
Aratiatia to enable the train to pass beneath some HV 
wires. 

The operation was planned by Ministry of Works 
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Haulage train negotiating mountainous terrain 


staff, and George Dale and Son Limited provided the 
transporter trailer and one Leyland traction unit. 


Rebound Water Hose 


A water suction hose designed especially for use 
where hose is subjected to damage from lorry move- 
ments is being marketed by Goodyear of America. 
It is termed “Rebound” because it is said to spring 
back to its original shape after being completely 
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crushed. The shape of the hose, which is being pro- 
duced in lengths up to 25 ft, and in 1} in and 2 in 
diameters, is maintained by a specially treated rope 
helix embedded in heavy rubber between two plies 
of fabric reinforcement. [he helix is also stated to 
prevent collapse of the hose at high vacuum, The 
interior tube of the hose is a non-porous rubber 
compound that resists the action of sand and grit, 
and is also impervious to mildly acid or alkaline 
water. It is stocked with straight ends only, but can 
be furnished with enlarged ends. 


Mechanical Sieve Shaker 


TESTlab Corporation, of 3398, Milwaukee Avenue, 
Chicago 41, Illinois, USA, have announced the pro- 
duction of a new sieve shaker, known as the TEST- 
shaker, for use in the field or in the soils laboratory. 
It has been designed to operate manually, or to be 
powered by electric motor or petrol engine. The 
shaker can accommodate six 12-in diameter sieves 
with receiver and cover or eight full-height 8-in dia- 
meter sieves. The clamping arrangement is adjustable 
and the sieves are protected from damage by a foam- 
rubber cushion. 

The platform of the shaker is mounted on four com- 
pression springs. The centre of the platform is 
attached to a connecting rod, which is linked to an 
eccentric mounted on the drive shaft. Three different 
movements are imparted to each sieve, of which the 
main one is horizontal. A slight rotary and a vertical 
motion are also produced. It is claimed that this pat- 
tern accomplishes more complete sieving in shorter 
periods than in the case of previous models. 
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All major components are stated to be of light- 
weight high-strength aluminium-alloy castings, and 
the overall dimensions of a motor-driven unit are 
22 by 14 by 734 in. With an electrically-driven model, 
a }-h.p. motor is provided, which operates at 115 V, 
60 c.p.s., single phase, unless otherwise specified. 


New Loading Shovel 


The Merton Engineering Co. Ltd., Faggs Road, 
Fel:ham, Middiesex, England, have announced a new 
four-wheel drive loading shovel, known as _ the 
80A/80AD Frontloader. It is normally powered by a 
Ford six-cylinder water-cooled 80-h.p. diesel engine, 
bur is also available with the Deutz four-cylinder air- 
cooled diesel, which delivers 71 h.p. at 2,150 r.p.m. 
and is stated to be suitable for work in colder 
climates. The machine is fitted with a Brockhouse 
torque converter, power-gear-shift transmission, 
power-assisted steering, planetary-hub reduction in 
the axles, and a 14-cu-yard capacity bucket. Buckets 
for light materials are also available up to 24 cu yards. 
it is said to have a 4,000-lb mobile lifting capacity, 
and to have a discharge height oi up to 12 tt 8 in. 


Cathodic Protection Testing 
Instrument 


In order to obtain greater accuracy in the operation 
of cathodic-protection installations, and also to test 
the output of magnesium and zinc anodes used in 
galvanic-protection installations, Metal and Pipeline 
Endurance Limited, of Woolmer Green, Knebworth, 
Hertfordshire, England, have introduced a combined 
potentiometer-voltmeter with zero-resistance ammeter 
ranges. The company state that most meters used for 
measuring the output of galvanic anodes give false 
readings because they set up a resistance when con- 
nected into the circuit. When removed the voltage 
increases, which results in a shortened anode life and 
an inaccurate assessment of the cathodic protection 
installation. The new MAPEL meter is said to over- 
come this difficulty and to record accurately the cur- 
rent actually flowing in the anode circuit under normal 
conditions. Also, in order to measure pipe-to-soil 
potentials with a half cell, a potentiometer-voltmeter 
has been included so that no current is drained from 
the half cell, as otherwise this would also give a false 
reading. The meter has been specifically designed to 
provide the potentiometer and the zero-resistance 
ammeter with a common movement. 

The meter has the following circuits: a high-resist- 
ance voltmeter with full-scale deflections of 100 mV, 
1 V,5 V, 10 V, and 50 V; a potentiometer-voltmeter 
with an internal battery, which enables potentiometric 
readings in the 100-mV, 1-V, and 5-V ranges to be 
made; a zero-resistance ammeter with ranges of 
50 »A, 10 mA, 0-1 A, and 1 A; and normal ammeter 
ranges with full-scale deflections of 50 uA, 10 mA, 
0-1 A, 1 A, and 5 A. 

The unit is contained in a wooden case measuring 
approximately 14 by 12 by 7 in, and is fitted with 
rubber pads on the bottom, and a handle for carrying. 
The lid is slip hinged and detachable. 
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Book Reviews 


Hydrometry. Theory and Practice of Hydraulic Mea- 
surements. By Prof. A. T. Troskolanski. Published by 
Pergamon Press Limited, Headington Hill Hall, 
Oxford, England, 1960. 684 pp. 424 ff. 64 tables. 
Price £6 net. 

The field of hydrometry, which is the science con- 
cerned with the methods and instruments used in 
hydraulic measurements, is so diverse that a truly 
comprehensive presentation of the complete subject 
in a single volume of manageable size is no longer 
possible. This is why the authors of monographs in 
book form, of which there are surprisingly few when 
one considers the large number of articles and papers 
in the technical press, have been selective in their 
choice of material and manner of treatment. The 
books vary from the detailed and informative treatise 
on specialised topics to the broadly descriptive cover- 
age of existing knowledge in a sector or sectors of 
hydrometry, and, thus, only one or two are works 
of a fundamental character. 

Any new contribution to the existing literature is 
bound, therefore, to arouse considerable interest, and, 
if the author is of the standing of Professor Trosko- 
lanski, the expectations are great. There is indeed 
reason to be grateful for this competently written 
book, which is at once instructive and concise in 
presentation. It is likely to appeal to the engineer 
who, faced with hydraulic metering problems, seeks 
information on available methods and equipment, and 
he will appreciate both the practical hints given and 
the repeated references to the accuracy of measure- 
ment. The student reader, however, may find the 
whole book too rich a fare to digest, whereas, on the 
other hand, it may not offer a satisfying enough meal 
to the specialist. This is not a serious criticism in 
view of the amount of information condensed into 
some 600 pages, which restriction made it clearly 
necessary to sacrifice some of the detail that would 
have been welcomed by those who are already fami- 
liar with the subject. 

The text is logically arranged and the emphasis has 
rightly been put on the provision of practical infor- 
mation. In the brief introduction, the physical quan- 
tities to be measured are defined and the measure- 
ments themselves are classified. The principles of 
model investigations and the conditions of similarities 
are considered in the shortest of terms without, one 
regrets, any mention of dimensional analysis in either 
the text or the bibliography. 

Of the three parts that make up the book, the first 
contains a review of the methods employed in deter- 
mining hydromechanical quantities, the second dis- 
cusses the instruments used in carrying out these 
measurements, and the last section deals with hydro- 
metric laboratories, and presents descriptions of the 
equipment used and considers their appropriate func- 
tions. 

Part I examines, often by use of examples, the 
principle involved in each of the various forms of 
measurement, whereas the practical aspects of the 
particular form of gauging. including those of the 
instruments used, are discussed in the equivalent 
chapters of Part II. Thus, the determination of time, 
length, area and volume, as well as pressure, velocity 
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and rate of flow are considered, and the measurements 
possible with the methods included are described as 
comprehensively as could be desired. It is here, how- 
ever, that the balance of the text with regard to detail 
appears curiously uneven in places; an example being 
the very complete presentation of Ott’s theory for the 
hydrometric current meter, and the 15 pages on pres- 
sure probes that contrast with the shortness of the 
text dealing with the Gibson inertia-pressure, the 
Allen salt-velocity and the salt-dilution methods of 
flow measurement. Weirs, on the other hand, have 
been fully dealt with, as have orifices, venturis and 
nozzles, and their associated equipment. There are 
chapters on variable-aperture flow meters, on orifices 
and nozzles with free discharge, and on danaides 
(orifice gauging tanks), and less conventional methods 
have not been neglected. The last section of this 
second part is devoted to the various types of water 
meter, and is very fully illustrated. 

Part III describes the various forms of equipment 
used in different hydrometric laboratories and discus- 
ses their respective functions. Information of this kind 
is sparse and hence of interest, but, in this case, is so 
brief as to be essentially only an introduction to the 
subject. Some of the apparatus described is in use at 
the Polish National Bureau of Measures. 

A list of authors, and the index, which is trilingual, 
complete the text, whereas the bibliography is part ef 
the various chapters and, hence, is conveniently classi- 
fied. The bibliography is not always as complete as 
one might wish, with 1958 the most recent date of 
publication listed. The translation is competent and 
the quality of the production excellent, and these 
attributes add to the attractions of a publication that 
may consequently be recommended to those seeking 
up-to-date information on the various techniques 
employed in hydraulic metering. 


A Guide to Arc Welding Electrodes. Published by the 
British Electrical and Allied Manufacturers’ Associa- 
tion (Inc.), 36 Kingsway, London, W.C.2. 1961. Price 
5s. net. 

This is the sixth edition of this publication, which 
is designed to assist the user in the choice of suitable 
electrodes, and it has been completely revised. In 
addition to the British classification, this issue con- 
tains a more complete description of the American 

ethod of classifying electrodes, and the equivalent 
American code numbers are given. For those in- 
terested in electrodes for welding non-ferrous metals, 
cast iron, corrosion-resistant and other steels, a sec- 
tion is included giving information on special elec- 
trodes. 


Hydrologic Networks and Methods, Flood Control 
Series No. 15. Published by the United Nations 
Economic Commission for Asia and the Far East 
and the World Meteorological Organisation, 157 pp., 
94 ff.. 45 tables. Obtainable from UN sales agents. 
Price $3.00; 21s.; Sw.Fr. 13.00. 

This document contains the transactions of the 
Interregional Seminar held at Bangkok in July 1959, 
in which delegates from 15 countries participated. 
During the seminar, six lectures were given by each 
of two consultants, Mr. Walter B. Langbein, of the 
US Geological Survey, and Mr. G. P. Kalinin, of the 
Soviet Union Hydrometeorological Service. These 
lectures were followed by discussion and practical 
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exercises, and the last two days were devoted to 15 
papers presented by delegates. 

The subjects discussed fell broadly under the 
headings of “Design of Basic Networks” and “Hydro- 
logical Methods to be used in the Absence of Ade- 
quate Basic Data,” and within this general frame- 
work, a considerable amount of valuable information 
was presented and discussed. Mr. Langbein’s lectures 
began with a general introduction to the problems 
involved in the collection of basic data, and to some 
of the principles of network design. The basic idea 
put forward here was that a network of hydrological 
observations intended for efficient water development 
must itself be efficiently designed, i.e., planned to 
gain the maximum amount of information for a given 
financial allotment. Mr. Langbein has succeeded in 
largely reducing this problem to a mathematical one. 
The lecturer then discussed the various techniques 
that could be applied to the extension of available 
data, such as the construction of maps of annual 
rainfall in regions of scanty data, the estimation of 
the annual yield of ungauged streams, the use of 
rainfall data for the extension of short-term records 
of stream flow, the estimation of flood discharges, 
and methods of estimating storage needs. 

Mr. Kalinia’s lectures covered the problems re- 
lating to the organisation of records, methods of 
computation of an average discharge on the basis 
of measurements carried out over a number of years, 
and the calculation of annual flow and maximum 
run-off in the absence of long-term records. Con- 
siderable attention was paid to the possibilities of 
applying the law of probability to the analysis of 
rainfall and discharge records. Consideration was 
also given to the basic methods of flood forecasting 
when adequate information was not available. 

Most of the delegates’ papers referred to work 
carried out in specific areas, mainly in the East, and 
either described hydrological measuring techniques 
or discussed various aspects of forecasting and estima- 
tion. In particular, M. J. Rodier’s paper on 
“Principles applicable to the Establishment of a 
Hydrological Observation Network in a Tropical or 
Equatorial Region” will appeal to all engineers who 
have had the experience of operating or initiating 
similar organisations, and most certainly it is essen- 
tial reading for those about to undergo the experience. 


Slownik Inzynieryjno-Budowlany Angielsko-Polski z 
indeksem terminow polskich (English-Polish Diction- 
ary of Building and Civil Engineering, with an index 
of Polish terms). Edited by A. Zboinski and published 
by Panstwowe wydawnictwa techniczne (State Pub- 
lishing House for Technical Literature), Warsaw, 
1959. 54 in by 84 in, 834 pp. Price in Poland, bound, 
Zl. 148. 

The 37,000 terms included in this dictionary, which 
is one of a series of English-Polish technical dic- 
tionaries, have been compiled from the latest English 
and American technical publications, and cover the 
following branches: engineering materials, architec- 
ture and city planning, civil engineering, hydraulics 
and hydro-electric development, management, and 
general technical sciences. Wherever necessary, ex- 
planatory notes in italics have been added to enable 
the Polish user to grasp the precise meaning of the 
terms. In addition to the introduction in Polish, there 
are explanatory paragraphs in Polish and English, 
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followed by an extensive bibliography. An index of 
Polish terms with their English translations completes 
the volume, and two chapters of abbreviations (terms 
and names o/ institutions, symbols, and units of mea- 
surement) are inserted between the English-Polish 
vocabulary and the index. For a dictionary covering 
so many branches of engineering, the number 0: 
terms referring to theoretical and applied hydraulics 
is quite satisfactory. When reading Polish technica! 
publications, English-speaking users commanding 
some knowledge of Polish should find the Polish index 
very useful, in spite of its small print. 


Design of Prestressed Concrete Beams. By William 
H. Connolly. Published by F. W. Dodge Corporation, 
119 West 40th Street, New York 18, USA. 1960. 9 in 
by 6 in. 252 pp., 120 ff. Price $11-50. 

The author, who is a specialist in his field, has writ- 
ten this book with the main object of reducing the 
amount of trial and error usually encountered in the 
determination of cross sections of simply supported 
prestressed concrete beams. He emphasises that the 
book is not intended as a comprehensive treatise 01 
the many aspects of prestressed design, and that it 
should, preferably, be used in conjunction with such 
a work. 

Mr. Connolly presents his design methods in a logi- 
cal and clear manner, and the many tables that are 
supplied will undoubtedly assist the designer in the 
szlection of suitable cross sections. The major em- 
phasis is placed on elastic design for bending, al- 
though some consideration is given to prestress 
losses, shear, and ultimate flexural strength. These 
aspects were guided by the report “Tentative Recom- 
mendations for Prestressed Concrete,” which was pre- 
pared by a joint committee of the American Concrete 
Institute and the American society of Civil Engineers. 
This report is reproduced in full as an appendix to 
the book. 

The main text is contained in four chapters, of 
which the first acts as an introduction to the subject, 
and in which the main theoretical points are pre- 
sented in a descriptive manner without mathematics. 
The other chapters deal with post-tensioning, pre- 
tensioning and composite sections, and these are fully 
assisted by worked examples. The tables and appen- 
dices that follow occupy a substantial part of the 
book, as they contain the mass of data that is essential 
for design solutions using the author’s methods. 

Mr. Connolly has treated his subject from an essen- 
tially practical point of view, and this book should 
prove a worthwhile addition to the structural de- 
signer’s library. 


Annuaire Hydrologique de la France. Année 1958. 
Published by the Société Hydrotechnique de France, 
199. rue de Grenelle, Paris 7°. 272 pp. Price 42 NF 
excluding postage. 

This publication by the Société Hydrotechnique de 
France gives detailed results of flow measurements 
made throughout France in 1958. Data are presented 
for the 437 stations of all classes in terms of mean 
monthly flows, and various analyses have been car- 
ried out for the 85 main gauging stations. Precipita- 
tion figures are also tabulated, and a complete list is 
given of the gauging stations existing in 1960. Some 
graphs are included that show the state of reservoir 
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Secheron Works Co Ltd, Geneva, 
the specialists in the electrotechnical 
field, supply all kinds of equipment 
for complete power stations and 
substations: 


High capacity A.C. and D.C. motors 
and generators. Power transformers 
of all sizes and voltages. Automatic 
regulators for various types of 
controls. Pumpless mercury arc 
rectifiers, semi-conductor rectifiers. 


Further lines of production: Electric 
traction equipment, Welding sets and 
electrodes. 
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S.A. des Ateliers de Sécheron, Geneva 21, 
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storage during the year in the Massif Central, the 
Pyrenees, and the Alps. 

A particular item of interest in this publication is 
an account of the heavy floods that occurred on Sep- 
tember 30 and October 4, 1958, and which particu- 
larly affected the eastern streams of the Massif 
Central. It is reported that more than 400 mm of rain 
fell in 24 hours at one station. 


Centrifugal Pumps. Selection, Operation and Main- 
tenance. By Igor J. Karassik and Roy Carter. Pub- 
lished by F. W. Dodge Corporation, 119 West 40th 
Street.. New York 18, USA, 1960. 488 pp., 561 ff. 
Price $15-75. 

This is a comprehensive treatise covering all aspects 
of the design and operation of many different types 
of centrifugal pumps, and it has been compiled to an 
appreciable extent from the many contributions made 
by the authors to the American technical press. Thus, 
although Mr. Karassik was solely responsible for the 
execution of this book, owing to Mr. Carter’s untimely 
death, he has insisted that Mr. Carter’s name be in- 
cluded, as so much of the original material resulted 
from their joint efforts. 

“Centrifugal Pumps” has five main sections, plus a 
data section and an index. The first and largest sec- 
tion contains sixteen chapters, which are devoted to 
the different types of pumps and features of their con- 
struction. This is followed by a section on pump per- 
formance, which contains much useful information in 
diagrammatic form. The third section consists of three 
chapters on controls, drivers, and priming. The chap- 
ter on controls is particularly useful as it deals 
thoroughly with a subject that is not always treated 
sufficiently fully in such books as this. 

The fourth section deals with the application of 
various types of pumping installations. and the two 
pages on pumped storage prompted a search for fur- 
ther information on pump-turbines, but, unhappily, 
this specialised application is not treated in detail. 

The concluding main section describes very com- 
petently the intricacies of installation, operation and 
maintenance, and confirms the impression, steadily 
gained throughout the book, that this is a work de- 
signed for the practical engineer. The data section fol- 
lowing the last chapter adds a further touch of prac- 
tical assistance, and the index, although perhaps not 
as comprehensive as we have come to expect in 
American technical literature, appears to be quite 
adequate. 

It must be mentioned, in conclusion, that Mr. 
Karassik is consulting engineer to the Worthington 
Corporation, and, in consequence, the book has an 
understandable bias in its illustrations and examples 
to the products of that company. 


Manuel d’Hydraulique Générale. By A. Lencastre. 
Published by Editions Eyrolles, 61, boulevard Saint- 
Germain, Paris 5*. 412 pp., 149 ff, 129 tables. Price 
39-65 NF including postage outside France. 

This book is essentially a reference work on hy- 
draulics for the practising engineer and a considerable 
amount of information has gone into it. The first part, 
of some 210 pages, deals with theoretical considera- 
tions and the wide range of formulae available for the 
resolution of general hydraulic problems. The re- 
mainder of the book is devoted to a large number of 
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diagrams and tables, which are designed to assist the 
solution of formulae and also to give guidance in the 
selection of appropriate coefficients in specific cases. 

There are ten chapters in the first part of the work, 
and the first three cover the basic principles of hy- 
draulics, including the physical properties of fluids, 
hydrostatics and dynamic fluids. The next three 
chapters are concerned with flow under pressure and 
in open channels, and these are followed by chapters 
on orifices and weirs. The penultimate chapter deals 
with the measurement of pressure, velocity and flow, 
and the text is completed with a discussion of pump- 
ing installations, although this is confined to centri- 
fugal machines. Each chapter is followed by a useful 
bibliography, and there is also a bibliography at the 
beginning of the second part of the book, relating 
to the tabulated material and diagrams. 

A considerable body of information has been 
amassed in the latter section of this book, and should 
prove of great value. The author has been very cos- 
mopolitan in his selection of references, and the 
results of much experimental work from various parts 
of the world have now been collated in this volume. 
Some particularly useful data on losses in various 
types of valves and sluice gates are presented. The 
information in this section is arranged to correspond 
with the chapters in the first part of the book. 

The book was originally published in Portuguese, 
and has been translated into French by the author, 
who is head of the river hydraulics section of the 
Laboratorio Nacional de Engenharia Civil, in col- 
laboration with Dr. J. Valembois, and the work now 
forms part of the collection of the Laboratoire 
National d’Hydraulique. 

The main criticism that we have to make of this 
work is that the first section is probably too abbrevi- 
ated, but we note from the author’s preface that, if 
this present volume is well received, he hopes to pre- 
pare a larger book, which will cover a wider field of 
hydraulics as well as enlarging on the existing chap- 
ters. 


LE.C. Publication 50 (50). International Electro- 
technical Vocabulary, 2nd edition, Electrochemistry 
and electrometallurgy. Published by the Central 
Office of the International Electrotechnical Commis- 
sion, 1, rue de Varembé, Geneva. 96 pp. Price Sw. 
Fr. 12. 

This publication is one of the series published by 
the I.E.C., which will eventually consist of 24 groups. 
It contains 391 terms and definitions in French, 
English, Spanish, Italian, Dutch, Polish, Swedish and 
German. The terms refer to such subjects as batteries, 
electroplating, electrolytics and electrolytic capacita- 
tors. 


Barrages Mobiles et Prises d’Eau en Riviére. By M. 
Bouvard. Published by Editions Eyrolles, 61 boule- 
vard Saint-Germain, Paris 5¢, France. 268 pp., 149 ff. 
Price 29-45 NF, including packing and postage 
abroad. 

This is the second edition of M. Bouvard’s book, 
the first of which was reviewed in our May 1959 
issue, p. 165.The text has been revised and a new 
chapter on sand and gravel traps has been added. 
This chapter is most comprehensive, and forms a 
valuable addition to an already useful reference 


book. 
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Abstracts from the 
World Technical Press 


World Power Conference 

This special issue of the undermentioned journal 
is devoted to the 13th Sectional Meeting of the 
World Power Conference held in Madrid from June 
5-9, 1960. Following an introduction, the editor, 
Dipl. Ing. G. A. Téndury, gives a general report on 
the conference itself and lists the study tours and 
sightseeing excursions included in the programme. 
Some 52 countries were represented, Britain heading 
the foreign contingent with 153 participants and 91 
other visitors. E. H. Etienne and R. Sandan then sur- 
vey, in French, the 164 papers presented to the con- 
ference. The excursions to the Alberche and Upper 
Tajo developments are described by Fernand Chavaz 
in French and G. A. Téndury in German. On the 
Alberche River the most modern of the four existing 
siations, San Juan and Las Picadas, were put into 
service in 1955 and 1952 respectively and, when the 
three plants now at the planning stage are completed, 
this system will have an installed capacity of 208°5 
MVA and a yearly production of 462 GWh. The five- 
station system of the Upper Tajo produces on the 
average 387 GWh per annum, and has an installed 
capacity of 123-5 MW. Of the six study tours, the 
two most important are described by the same 
authors, Fernand Chavaz dealing with the north- 
western zone and G. A. Téndury with the south- 
western region. The north-western zone includes two 
major developments: the Spanish-Portuguese Duero 
(Douro) system (WATER Power, July 1960, p. 289) 
and, farther north, the Rio-Mifio/Rio-Sil system 
(WATER Power, March 1961, p. 122). Developments 
visited were the Saucelle, Aldeavila, Los Peares, 
Belesar, Barcena, San Esteban and San Pedro pro- 
jects. At the time of the visit the San Pedro plant, 
which had been seriously damaged (especially its 
electric equipment) by the flood of December, 1955, 
was in the course of completion. Still farther north, 
the Eume installations. on the river of the same 
name, were also visited (WATER Power, April 1960, 
p. 134). The installations visited in the south-western 
region were mostly irrigation works, and the only 
large-scale hydro-electric scheme is the development 
of the 300-km middle stretch of Rio Tajo, which is 
called the lower Tajo by the Spanish, between Tala- 
vera de la Reina and the Spanish-Portuguese border. 
This scheme provides for four stages on the Tajo it- 
self, with an installed capacity of 945 MW and an 
annual output of 2,400 GWh, as well as two stages 
on its right-bank tributary, the Alagon, with an ad- 
ditional annual production of 110 GWh. It is further 
expected that the harnessing of the Spanish-Portu- 
guese stretch of the river, west of Alcantara, could 
provide another 500 GWh. Three of the four main 
stages are in course of construction: Valdecafias, 
Torrején and, lowest downstream, Alcantara, which 
are scheduled to be in service by 1962, 1963 and 
1966 respectively: work on the upstream station of 
the Tajo system, Azutan, is to begin after 1965. This 
interesting series of articles concludes with a general 
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survey, by Ing. Domingo Diaz-Ambrona, of the 
water-utilisation position in Spain for irrigation and 
power purposes. An appended folding plate shows, 
on one side, a map of Spain in colour, with all the 
existing storage reservoirs and, on the other, four 
smaller maps of the country, which give all the 
hydrological characteristics and irrigation data relat- 
ing to the cultivated area. The articles are accom- 
panied by some excellent illustrations. (Wasser- und 
Energiewirtschaft. Cours d’eau et Energie, Vol. 53, 
No. | 3, January-February-March, 1961, 96 pp., 107 
ff.) 


The Varzo-Crevola Project 

The article gives a detailed description of this new 
development of the Societa Edisonvolta, the first two 
23,800-kKW generating sets which have recently 
been put into service. The scheme, which forms part 
of the Val d’Ossola system in the Ferrara Province, 
utilises the lower course of the Diveria stream, from 
the existing Varzo power station to the confluence 
with the Toce River. The catchment area is 278-5 km’, 
which includes the 78-1-km?* catchment of its tribu- 
tary, the Cairasca. Briefly described, the plant con- 
sists of a balancing reservoir supplied from intake 
structures on both streams, a power system comprising 
a pressure tunnel, a surge tank and a penstock, and a 
power station which discharges through an open tail- 
race into the Toce River. The intake pool is formed 
by a concrete spillweir across the Diveria upstream 
from the Varzo power station. This spillweir, which 
has a crest length of 30 m, and is 10 m wide at the 
base, consists of a free-overflow block extending from 
the left bank 20 m into the stream bed, and separated 
from the controlled-spillway section by a 2-m pier. 
The spillway section has three 3-45-m wide bays con- 
necting with a three-chamber sand-trap. These cham- 
bers divert the trapped sand through a common con- 
duit into the Deveria downstream from the spillweir. A 
concrete semicircular conduit running 106-6 m along 
the Varzo power station, conveys the desilted water in- 
to the 44,000-m* balancing reservoir, which is also fed 
by the subsidiary Cairasca intake. The pressure tunnel, 
designed for a discharge of 23 m*/sec, crosses the 
Diveria from the right bank by means of a syphon 
2-8 m in diameter and 774-47 m in total length. The 
syphon proper is carried across the torrent by a single- 
arch bridge. 73 m in span. The three-chamber surge 
tank is housed in a rock excavation at the downstream 
end of the diversion conduit. The vertical tank, which 
is 50 m in height, consists of two sections; the lower 
section of 5-6-m diameter extends up to the minimum 
static level where it joins the 8-4-m diameter upper 
section. The internal riser, 2 m in diameter, rests on 
the 300-m* supply chamber, which connects direct to 
the conduit. There is a compensation chamber, half- 
way to the top of the tank, and an expansion chamber 
at the top. All parts of the surge tank are lined with 
reinforced concrete. The height of the tank and the 
capacity of the chambers have been calculated on the 
basis of the two following hypotheses: (a) quick total 
closure of the manifold to the turbines, followed by a 
quick total opening under conditions of maximum 
resistance in the pressure tunnel and maximum empty- 
ing of the balancing reservoir; (b) quick total opening 
of the manifold, followed by a quick total closure 
under conditions of minimum resistance in the pres- 
sure tunnel and maximum water level in the balancing 
reservoir. From the surge tank a 428-55-m penstock, 
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2-65 m in diameter, leads to the manifold. An under- 
ground excavation, 40-02 long by 1490 m wide, 
houses the machine hall, which is 30-97 by 13-3 m in 
plan and 13 m high, as well as the control and other 
service rooms. The step-up transformer stands in a 
side niche separated from the machine hall by a 
strong reinforced-concrete wall. (Ecc., Quaderni di 
Studie notizie, Vol. 16, No. 328, December 1, 1960, 
p. 859, 9 pp., 5 ff.) 


Stornorrfors Power Station 

The first of these two articles describes the main 
400-kV, 40-kV and 18-kV switchgear, and the 10-kV 
and 380-kV switchgear, at Stornorrfors power station. 
The most characteristic features are the new design 
of the i8-kV switchgear, and the simplified 400-kV 
switchgear. The use of plastic-insulated LV cable 
without lead sheathing is also of particule: interest. 
The second article deals with the control equipment, 
which is generally consistent with the practice adopted 
by the Swedish State Power Board for their power 
stations. Certain minor modifications, however, have 
been introduced, such as in the connections to the 
spare transformer, relay protection, and turbine 
governing; these modifications are discussed at some 
length in the article, which also reviews the scope 
and arrangement of the control equipment. (ASEA 
Journal, Vol. 33. S. Svidén and G. Nordlof: No. 
10/11, p. 162, 7 pp., 9 ff. A. Alm, T. Borgvall and O. 
Rudqguist: No. 12, p. 187, 12 pp., 15 ff.) 


Long-range Hydro Planning for Manitoba 

This paper outlines the growth of the power in- 
dustry in Manitoba and the location of the water- 
power resources in and adjacent to Manitoba. It 
discusses factors that will bear on the development 
of these resources and the methods used in evaluating 
system growth, It presents a visionary picture of the 
full development of the Nelson River and redevelop- 
ment of the Winnipeg River, and includes an appen- 
dix on economic factors affecting system development, 
with a request for an exchange of views on economic 
methods of project evaluation. (L. A. Bateman, The 
Engineering Journal, Vol. 43, No. 10, October 1960, 
p. 117.. 8 pp., 5 ff.) 


Investigating the Stability of Concrete- 
Embedded Steel Pipes 


The authors deal with the resistance to external 
pressures of concrete-embedded smooth pipes and 
analyse the large-scale tests carried out by the labora- 
tory of the Schneider works at Le Creusot. The pur- 
pose of these tests was to ascertain the resistance to 
deformation of steel plates of the thickness selected 
for the four conduits of the EDF dam at Monteynard, 
on the Drac River. In the case of sudden emptying, 
these conduits are likely to be submitted to an exter- 
nal pressure of 9 to 14 kg/cm’. To simplify the investi- 
gation and its analysis, the test sections were of the 
same diameter as the Monteynard pipes, i.e., 4,100 
mm, and for practical reasons their length was fixed 
at 2.700 mm. The material was Martin steel, which 
acceptance tests at the steelworks showed had the 
following characteristics: ultimate stress, 48 to 56 
kg/mm’, and elastic limit 28 kg/mm?. The elastic limit 
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was checked at the workshop on specimens taken 
from pieces of test pipe that had been tested to des- 
truction. The test procedure and the equipment used 
are described in detail, and the measurements (initia! 
shape, stress and strain during the tests) are given in 
tables. The analysis of the results brings out the dis- 
tribution of deformation and its influence on the 
localisation of the wave of instability and on the limit 
pressure, and confirms the effect of the clearance be- 
tween steel plate and concrete. Contrary to various 
methods of computation, the results lead to the con- 
clusion that the deformation factor, which is normally 
neglected, must be taken into account when deter- 
mining the pressure under which steel linings buckle. 
The method of using a template for ascertaining the 
deformations produced consistent results. (R. Trois- 
vallets and R. Montel, La Houille Blanche, Vol. 15; 
No. 4, June 1960, p. 364; No. 5, September—October 
1960, p. 551; 40 pp., 27 ff.) 

Norte: In another article in the following issue of 
the above journal (p. 560, 9 pp., 4 ff.), R. Montel 
works out a semi-empirical formula for determining 
the limiting external pressure producing deformations 
in concrete-embedded non-reinforced linings. This 
formula conforms satisfactorily with the results of the 
tests on the 4,100-mm diameter pipes dealt with in 
the above article. 


Device to Assist Screen Cleaning 

This article, which stresses at the outset the useful- 
ness of a centralised machine shop in the vicinity of 
several hydro-electric stations, describes how a long- 
standing problem at those Canadian hydro plants 
which operate in conjunction with papermills, was 
solved. The equipment concerned was the self-clean- 
ing screens, the function of which was to remove from 
the turbine intakes the refuse and water-soaked pu!p 
wood, which floats just below the water surface. On 
the river referred to, it is estimated that about 5% 
of the roughly 50 million logs passing the power 
houses each year on their way to the papermills find 
their way to the turbine intakes; this trouble is par- 
ticularly serious during the spring, when the flow 
jumps to six times the normal discharge and the 
screens are overloaded. Unless workmen are at hand 
to stop the screen, the jam caused by small-diameter 
wood getting stuck between the screen bars can 
result in the stripping of the sprocket teeth, broken 
chains and bent scraper bars. Experience had proved 
that the motor-starter thermo-relays did not trip 
quickly enough to clear the circuit and stop the 
motor. In the past, the gear sprockets were made 
up as a solid unit from cast iron, which was 
machined under-size and then shrunk on and keyed 
to the shaft. Cast iron was used because it 
was felt that it was better for the sprockets to act 
as shear points, rather than other components of the 
rack. When they wore out, or were broken, it was 
necessary to remove the shaft, take it to the shop, 
drill numerous holes, and then split the faulty 
sprocket to get it off the shait, before fitting on new 
sprockets. This was accepted for over 30 years as 
standard procedure. Then it was suggested that the 
broken sprocket be used as a hub, to which could 
be attached double-duty sprockets of the split variety. 
These, of course, could be easily replaced in the field 
in the event of a failure. Photographs show the equip- 
ment and type of sprocket used. The header shaft, 
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with its broken sprockets, was removed and set up 
in a lathe, then machined so as to form a hub to 
take the new split sprockets. The eight holes were then 
drilled and tapped to take the high-tensile-steel cap 
screws. Although the change called for a fair amount 
of machine-shop work, it is considered a certainty 
that, in the future, this improvement will save con- 
siderab!e labour costs. (Power Engineering, October 
1950, pp. 90-91, 6 ff.) 


The Vaiont Dam 

The article is an abridged version of a lecture given 
in Trieste on March 17, 1960, by the well-known 
Director-General and Head of the Hydraulic Con- 
struction Department of the SADE concern. Follow- 
ing a brief survey of the general position of power 
production in Italy, the author stressed the import- 
ance of the role played by water power in the 
economy of the country, and outlined its features as 
well as its prospective functions. He then dealt sum- 
marily with the problem of dam design, and the great 
progress achieved in this field thanks to the current 
methods of analysis applied, and the model tests that 
were effected in most instances with a view to obtain- 
ing at the very outset the maximum possible degree 
of safety and economy. A short review of the major 
hydro-electric projects carried out in the past ten 
years was given, particular stress being laid on dams 
(Lumiei, Pieve di Cadore, Vodo and others). The 
author then broached the main subject of his lecture, 
which was the great 261-6-m high, double-curvature 
Vaiont dam then under construction in the valley 
of the same name. The geological conditions obtain- 
ing at the dam site. preliminary studies, and general 
design characteristics were reviewed; model tests, ex- 
cavation work, constructional features, concrete pre- 
paration, grouting, and control measurements were 
then dealt with. After a short account of the progress 
of construction work, the lecture concluded with a 
few notes on the Soverzene and Somplago power 
stations. (Ing. Carlo Semanza, Tecnica Italiana, Vol. 
XXV, No. 4, June 1960, p. 257, 18 pp.. 24 ff.) 

Note: A reprint in full of the lecture reviewed 
above appeared in German in Schweizerische Bau- 
zeitung, Vol. 78, No. 27, July 7, 1960, a special issue 
published on the occasion of the general annual meet- 
ing of the G.E.P. (Association of Graduates of the 
Federal Technical University, Zurich), held in Venic2 
on May 29, 1960 (p. 427, 17 pp.. 31 ff.). SADE de- 
velopments have also been the subiects of a series of 
articles in WATER POWER between March and July 
1958, pp. 85, 125, 181, 213 (Vaiont) and 270. 


Generator Design and Power-House 
Layout 

This paper, which discusses the various aspects 
of generator design and construction affecting the 
layout, and also the size, of hydro-electric power 
houses, was read at a debating session of the Swiss 
Association of Electrical Engineers. A paragraph on 
general data is inserted between the two main sections 
of the paper, one of which is devoted to high-head 
installations, and the other to low-head installations. 
In high-head plants, the usual Swiss practice is to 
adopt very large high-speed generators driven by 
vertical or horizontal Pelton wheels, and the various 
patterns of this type of equipment are reviewed. The 
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close relation between the size of the generating sets, 
the lifting capacity of the service crane, and building 
costs, is particularly conspicuous in underground 
plants. Above all, the length of horizontal units, 
and the height of vertical units determine to a large 
extent the volume of the cavern housing the gener- 
ating equipment. In the case of low-head installations, 
the opportunity for establishing high-output run-of- 
river delevopments is restricted in Switzerland to the 
Rhine, Aare and a few other tributaries, and vertical! 
shaft units driven by Kaplan turbines are exclusively 
used in conjunction with various arrangements of 
generator bearings, which affect the height of the 
superstructure. The traditional installation of an 
upper thrust bearing, two thrust collars and a flanged 
shaft has now given way to a large extent to the com- 
bined thrust bearing and collar adopted by many 
manufacturers. The advantages of the tubular turbine 
for smaller plants are stressed. (E. Wiedemann, 
Bulletin de I Association Suisse des Electriciens, Vol. 
51, No. 7, April 9, 1960, p. 352, 7 pp., 10 ff.) 
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Announcements for this column can be accepted up to the 8th 
of the month for the following month's issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 

Displayed clussified advertising for situations vacant, situations 
wanted, public appointments, are accepted at £2 10s. Od. per 
column inch. 


UNIVERSITY OF MELBOURNE 


Lecturer in Civil Engineering (Hydraulics) 
Applications are invited for the above-mentioned position. 
Experience in teaching, research and in the design and 

construction of hydraulic works and apparatus are desirable 
qualifications. 

The salary range is £A1,660 to £2,360 per annum. Initial 
salary will be determined according to qualifications and 
experience. Superannuation similar to F.S.S.U. in Great 
Britain will be provided. 

Conditions of appointment may be obtained from the 
Secretary, Association of Universities of the British Com- 
monwealth, 36 Gordon Square, London, W.C.1. 

Applications close, in Australia and London, on 4th 


August, 1961. 


THE HYDRO-ELECTRIC COMMISSION 
TASMANIA 


Civil and Electrical Engineers 
SALARY RANGE £A2,062 to £A2,926 


APPLICATIONS, in duplicate, are invited from University 
graduates with at least 5 years of experience appropriate 
to engineering design and construction associated with major 
hydro-electric power schemes (i.e., dams, conduits, power 
stations and substations 220,000 volt system), and should be 
forwarded to the Agent General for Tasmania, 457 Strand, 
London, W.C.2, from whom further information is available. 


EDITORIAL ASSISTANT 


A YOUNG ENGINEER (25-35) will shortly be required 
as editorial assistant to this journal. His qualifications and 
experience should preferably be in civil or hydraulic engi- 
neering or in corresponding laboratory work. An aptitude 
for technical writing is essential and some knowledge of 
languages would be an advantage. The right candidate would 
be trained with a view to the eventual editorship. Applica- 
tions should be addressed to The Editor, WATER POWER, 
33 Tothill Street, Westminster, London, S.W.1. 
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Ten Kaplan type turbines, each with a rated capacity of 120,000 
horsepower under an 80-foot head, are now being completed by 

Dominion Engineering for the Wanapum Project on the Columbia River 
for Grant County Public Utility District No. 2, in the State of Washington. 
The pictures at the right show a turbine shaft being machined and a 

runner blade being pre-welded with stainless steel at Dominion 
Engineering where complete engineering design and hydraulic model 
testing were carried out. At the left, a pit liner is shop-assembled with 

a stay ring shipped to Willamette Iron and Steel Company, Portland, 
Oregon, sub-contractor for plate steel, and other parts. 
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ON THE COLUMBIA RIVER 
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South Durham 
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At the Reisseck Power Siation in Austria g 
three units work under this fantastic head. loislolelsia-je)ie4s 2566 m 

All of them are equipped with Pelton 

runners in 13% Chromium Steel cast 

at George Fischer’s steel foundry and 

delivered to Charmilles Engineering 

Works Limited, Geneva. anys Ee 
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The successful production of intricate y N 
steel castings, such as the Reisseck im- 
pulse runner shown here, is the result of 
our extensive research, wide experience 
and technical skill in steel founding. 
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p 718 /4 











IN THE MANAGER’S OFFICE... 


. . . Production is planned, decisions are made 





THE TALK is of rising labour costs and falling prices, 
of bigger output and increased mechanisation, 

of new methods and modern equipment. 

Can they afford to scrap the old equipment 

and install the new? 

Or rather . . . Can they afford not to? 

Never before has the manager had available 

such good tools and so many of them 

to help solve these problems. 


ON THE MANAGER’S DESK... 


... “MINE AND QUARRY ENGINEERING” is relied upon 
to keep him informed of new methods of production 
and the latest technical progress. 

When he buys new plant and equipment 
its advertisement pages exert a continuous influence 
and act as a persistent reminder. 


MINE & QUARRY ENGINEERING 


33 TOTHILL STREET * LONDON °* _ S.W.1. Telephone: WHItehall 9233 





«« mining and 


quarrying 
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Alternators 
Transformers 
Laboratory Magnets 
Switchgear 

Electric Traction 
Rectifiers 
Electrolizers 















Oerlikon Engineering Company ° Zurich 50 
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i Typical Journal Bearing for 
horizontal Pelton Wheel 
driven Generator. Shaft dia- 
meter 21 inches, R.P.M. 428, | 
Journal load 51 tons. | 


MICHELL BEARINGS 


The original pivoted pad film lubricated 
bearings. They carry loads with complete | 
reliability and efficiency with downright | 
simplicity for all Hydro-Electrical installa- 
tions, and for Marine, Mining, Paper- 
Making Machinery and other requirements. 


MICHELL BEARINGS LTD. 


i SOUTH BENWELL NEWCASTLE UPON TYNE 5 | 
SELB; BAVARIA, Western Germany . Telephone 34279 Telegrams : MICHBEARO, NEWCASTLE | 















INSULATORS 
for high and lo 
transmission 
high voltage @ 


s OF ALL KINDS 


w voltage 
lines an 
pparatus 


TECHNICAL poRCELAIN 

















PATENTED 
OSSBERGER 
WATER TURBINES 


Specially suitable for econo- 
mical utilization of fluctuating 
waters 













Range of application 

for heads: 1-100 m 

Water supply: 

10-4000 litres/sec 

Output: up to 500 HP. per unit 


Supply of 
complete 
small-sized 
hydro-electric 
power 

plants 


_ OSSBERGER - TURBINENFABRIK 


| WEISSENBURG IN BAVARIA - TELEPHONE 2362 
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Trashrake of the KARIBA Power Station 
Hoist is designed for rake operation in depth of 450 feet 


Engineering Works JONNERET S.A., Geneva (P.0.B. Junction) Switzerland. 


in collaboration with our French licensee: Ets. JOYA, Grenoble (Isére) 














Butterfly Valves are not what they used to be 



























The old orthodox design of butterfly valves with all 
their inherent weaknesses are now things of the past. 
A completely new and patented bridge bearing system 
is incorporated in Gordon Butterfly Valves enabling 
very high pressure drops to be easily and smoothly 
controlled. 

These design principles together with a choice of tight 
sealing methods which completely eliminate any shaft 
or peripheral leakage greatly extend the range of 
applications, and today Gordon Butterfly Valves are 
being specified in a wide range of industries from iron 
and steel works to nuclear engineering and wind 
tunnel operations. 

Available in sizes from 6” and upwards (standard 
designs include a 108” diameter valve), standard or 
purpose made, and in materials to suit almost any 
application, they could well play an important part in 
your organisation. Full details supplied on request. 


72” diameter tight closing Butterfly Valve 


for 730 ft. hd. operating pressure. 

B A member of the Elliott Automation Group. Ey 
There’s 

hundreds of uses for GORDON VA LVE Ss 


JAMES GORDON VALVES LTD * AIRPORT WORKS * ROCHESTER * KENT 
Telephone: Chatham 44400 
c/2 
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Large BV Castings and Forgings are to be found in important 
power plants all over the world 

Our production programme includes: Forged steel shafts for pumps and turbines; cast 
steel runners for impulse and Francis turbines up to the largest dimensions, in plain carbon 
or 13 percent chromium steel; Kaplan runner blades and runner hubs, spiral casings, stay 
rings, regulating rings, guide vanes, etc., spherical valve housings, valve bodies, butterfly 
valve discs and housings, annular valve housings; single. and double pump wheels, also 
in 13 percent chromium cast steel, up to the largest dimensions; guide wheels, suction 
bends; structural steels in the form of rolled, drawn or forged bars. 

Our BV VACUUM STEEL is specially suited to highly stressed and heavy parts. 


fir GuBstahlfabrikation AG BOCHUM 
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fy Representatives in the U. K 
THE STAHLUNION COMPANY LIMITED, 61 Pall Mall, London, S. W. 1, WHitehall 5315, 7 lines 
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ENGLISH ELECTR 

lame com elllile mie) am tal) 


Ox -Tihig-1 Mm at (-tea calorie mCt-Vil-le-l litem aler-lae 
the 


FIRST 


a installation of 
The switchgear will form a com- 4 rVeye) kV it h 
plete duplicate busbar switching = Swi c gear 
station at West Burton Power 
Station and will include thirteen 
400 kV 35,000 MVA air-blast circuit-breakers, power-operated 
isolators and associated apparatus. This is the highest-rated switch- 
gear so far ordered. 
‘ENGLISH ELECTRIC’ are also supplying four 500 MW single-line 


turbo-generator units for this power station. 


SWITCHGEAR DEPARTMENT, STAFFORD 
THE ENGLISH ELECTRIC CompPaANy LIMITED, ENGLISH ELECTRIC HOUSE, STRAND, LONDON, W.C.2. 




















